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IMPROVED PHARMACEUTICAL COMPOSITIONS FOR GENE THERAPY 



FIELD OF THE INVENTION 
The present invention relates to pharmaceutical compositions useful in the treatment of 
diseases by gene therapy, and in particular to compositions which rely on nucleic add 
condensation agents. . 

BACKGROUND TO THE INVENTION 

Gene therapy relies on efficient delivery of DNA to target cells, and expression of the 
delivered DNA in the nucleus of such cells. Different modes of DNA delivery have been proposed, 
and these involve both viral and non- viral delivery of gene sequences. 

Early experiments on introducing DNA into mammalian cells in vitro utilized DNA in 
precipitated fomi with low efficiency of transfection and required selectable marker genes (Wigler 
et al. (1977) Cell i6, 777-85; Graham and Van der Eb (1979) Proc. Natl Acad. Sci. USA 77 
,1373-76 and (1973) Virology 52, 456)), Since this time molecular biologists have developed 
many other more efficient techniques for introducing DNA into cells, such as electroporation, 
complexation with asbestos, polybrene, DEAE, Dextran, liposomes, lipopoiyamines, 
polyomithine, particle bombardment and direct microinjection (reviewed by Kucherlapati and 
Skoukchi (1984) Crit. Rev. Biochem J6. 349-79; Keown et al. (1990) Methods Enzymol. 185, 
527). Many of these methods are unsuitable for use clinically since they give highly variable and 
relatively poor levels of transfection. Another obstacle to the wider use of existing transfe/^ion 
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oomplews resides in their instability in vivo. It has been shown that particles of a sinular size to 
thetFBnsfectioD complexes of the prior art are rapidly and ef&ciently renu»ved from the blood by 
the naiculoendothelial system (Poste and Kirsch. Bionrechnology L 86 

Loyter and Volsky (Cen Sur. Rev. L 215-266 (1982) ) and Kane^ 
122. 56^ (1987) ) describe the reconstitution of viral envelopes as biological carriers including 
camera of DNA. In this approach, namrally occuiring viruses are isolated, dissolved in detergent 
containing solvents, the viral nucleic acid removed and the remaining viral components 
reconstituted in the presence of plasmid DNA. However, this technology has proven to be 
extremely expensive and difficult to scale up. Moreover, serious safety concerns are connected 
with the phannaceutical use of extraaed viruses. 

Other non-viral gene deliveiy systems described in the Uterature merely extend 
observations on transfection using DNA condeijsed using synthetic polymers. For example, 
soluble DNA/pclylysine complexes can be generated (Li et al.. Biochem. J. 12, 1763 (1973)). 
Polylysine complexes Ugged with asialogiycoprotdn have been used to target DNA to 
hcpatocytes iajdlEfi (Wu and Wu. J. Biol. Chem. 2§2, 4429 (1987); U.S. Patent 5,166,320). 
Lactosylated polylysine (Midoux et al. (1993) Nuc. Adds Res. 2L 871-878) and galactosylated 
histones (Chen et al. (1994) Human Gene Therapy 5. 429^35) have been used to target plasmid 
DNA to cdls bearing lectin receptors, and insulin conjugated to polylyane (Rosenkiamz et al. 
(1992) Exp. Cdl Res. 122. 323-329) to cells bearing insulin receptors. However, Wagner et al. 
(supra) have shown that the latter approach is even less efficiem than standard methods of 
transfection. and may therefore be considered unsuitable for pharmaceutical-devdopmem. 
Monodonal antibodies have been used to uuget DNA to particular cdl types (Madjy et al. (1988) 
Proc. Natl. Acad. Sd. USA M. 8027-803 1; Trubetskoy et al. (1992) Bioconjugate Chem: i. 
323-27 and WO 91/17773 and WO 92/19287). 

Peptides derived from the amino add sequences of viral envdope protdns have been used 
in gene transfer when ooadnwustered with polylysine DNA con^lexes (Plank et al. (1994) J. Biol. 
Chem. 2fi2. 12918-24). Trubetskoy et al. (supra) and Mack et al. ((1994) Am. J. Med. Sd. 2QL 
138-143) suggest that cocondensation of polylyane conjugates with catiomc lipids can lead to 
impiovement in gene transfer effidency. WO 95/02698 disdoses the use of viral components to 
attempt to increase the effidency of cationic lipid gene transfer. 

Disulfide bonds have been used to link the peptidic components of a delivery vehide 
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. (Gotten ct al. (1992) Meth. Enzymol. 212. 618-644); see also. Tnibelskoy et al. (supra) However, 
the chemical modification of the various components, although group specific, is not 
regio-spedfic and leads to enomnous molecular heterogeneity of the conjugated product. Disulfide 
bonds are also known to be unstable in biological fluids and thus limits the potency of such 
compounds in practice. 

Similar heterogeneity is also produced by other standard conjugation methods such as 
carbodiimide coupling through side chain carboxyl groups (Wu et al. (1991) J. Biol. Chem. 266 . 
14338^2). However, in addition to the above disadvantages, the resulting amide bond coupling 
the components is chemically stable within the cytoso! and makes the components difficult to 
separate. 

More spedfic coupling diemistry has been employed by Gotten et al. (supra). This method 
involves oxidation of the carbohydrate moieties using periodate, followed by subsequent reaaion 
with polylysine. The Schiff base so formed was reduced with sodium cyanoborohydride to fonn 
a stable amide bond. However, due to the targe number of available lysine residues, the resulting 
amide bond was linked at random to the polylysine component. 

Trubstskoy (supra) observed increased efHciency of a conjugate made up of a 
heterogeneous polylysine moiety linked through the N-terminus non-specifically to amino 
functions on a monoclonal antibody. 

Many prior art methods employ highly heterogeneous components linked by conjugation 
chemistry which itself leads to more heterogeneity. This heterogeneity leads to poor control 
during preparation and large batch-to-batch variability, low potency and poor solution stability. 

Scale up and reproducible manufacture of the gene delivery vehicles described in the 
literature are problematic because of the extreme heterogeneity of the products and components 
of those ^ems. Key parameters such as quality control, process control and product 
identification are thus rendered imprecise. Therefore, an object of the invention is the development 
of a reproducible and scalable production process for pharmaceutical compositions which 
facilitate delivery of exogenous DNA to a target cell with high efficiency. 

Another object of the invention is to provide an improved nuddc add delivery vehicle that 
is capable of evading the reticuloendothelial system and thus nuty withstand degradation inviys^. 

Another object of the invention is to provide an improved gene delivery complex having 
chemical components of defined stoichiometry and therefore reduced heterogeneity. 
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Another object of the invention B to provide gene thenqqr pn^ 
properties as phannaceutical compositions with improved therapeutic benefit. 

Y««°«»»<^Pfthe invention is to provide a nuddc add del^ 
be designed to target a selected cell population or to target a broad range of ceU types. 

Yet another object of the invention is to provide a nucleic add ddweiy complex that has 
an exceedingly low level of non-spedfic cell targeting. 

Yet another olqect of the invention is to provide a self-assembling virus-like particle 
defined stoiciuometiy of components. 

Yet another object of the invention is to provide phannaceutical formuUtions for gene 
deliveiy which exhibit increased transfection effidenj^. 



SUMMARY O F THE tNVITJT TO|J 

The invention encompasses a synthetic vims Uke paitide (i.e.. a transfeaion complex or 
gene ddivenr vehide) for transfecting nudeic add into a mammalian cdl. the synthetic virus like 
partide comprising a recombinant nuddc add. a plurality of mideic add condensing peptides, 
the peptides bdng non-covalently assodated with the recombinam nuddc add such that the 
nuddc add is in condensed fonn.wherdn ead. nuddc add condensing peptide U a heteropeptide. 
and the plurality of nuddc add condensing peptides has low polydisperaon. 

In preferred embodmients, the plural nuddc add condensing peptides comprise a first 
nuddc add condensing peptide and a second nuddc add condensing peptide, wherein die first 
nuddc add condensing peptide comprises a first functional group covalemly bound thereto. The 
first nuddc add condensing peptide may fijither comprise a second fiinctiona! group whidi may 
be directly bound to the peptide or may be covalently bound to the first fimctional group, where 
the first fimdtonal group is bound to the peptide. Altemativdy. a second nuddc add condensing 
peptide also may comprise a second fimctional group covalently bound thereto, the second 
fimctional group bang different fiom the first fimctional group. The first and second nuddc add 
condenang pq)tides may have identical or differem amino add sequences. 

The fimctional groups w«ch are bound to peptides usefiil in the invention mclude a Ggand 
that is an antigenic peptide or a ligand that targets a spedfic cdl-type sudi as a monoclonal 
antibody, insulin, transferrin, asialoglycoprotdn, or a sugar. The ligand thus may target ceUs in 
a non-spedfic manner or in a spedfic manner that is restricted vnrh lespect to cdl type. 
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The functional group also may comprise a lipid such as palmhoyl, leyl, stearoyi or 
cholesterol. - 

The functional group also may comprise a neutral hydrophilic polymer such as 
polyethylene glycol (PEG),.or polyvinylpyrrolidine (PVP). 

The functional group also may comprise a fusogenic peptide such as the HA peptide of 
influenza virus. 

The functional group also may comprise an enzyme sudi as a recombinase or an integrase. 
The functional group also may comprise an intracellular trafficking protein such as a 
nuclear localization sequence (NLS). 

In a particular preferred embodiment, that is. wherein the second functional group is 
covalently linked to a first fiintional group which is linked directly to the peptide, the first 
fiinctional group may comprise one of a lipid or a neutral hydrophilic polymer such as PEG and 
the second fimctional group a iigand that targets a cell surface receptor. For example, when the 
first functional group comprises a lipid, the second functional group may comprise a ligand that 
targets a cdhilar receptor. When the first fiinctional group comprises PEG, the second functional 
group may comprise a ligand that targets a cellular receptor. The ligand may be, for example, 
one of a sugar moiety or a ligand v^ose cellular receptor is restricted to a cell-type, and thus the 
target cell population may be unrestricted or restricted as to cell type. Alternatively, when the 
first functional group comprises a lipid, the second functional group may comprise PEG. 

The first nuddc add condensing peptide may comprise 8-24 positivdy diarged amino add 
side groups, more preferably the number of positively charged amino acid side groups is 12-18. 

Preferably, the ratio of positive/negative charges in a synthetic virus like panicle that is 
capable of targeting a spedfic mammalian cell type is within the range 0.5-3 per phosphate 
residue in the nucldc add; this ratio more preferably being within the range 0.8 • 1 .2. 

Preferably, the ratio of positive/negative charges in a synthetic virus like particle that is 
unrestricted with respect to the type of cell it targets is in within the range of 0.5 - 5 per 
phosphate residue in the nucleic acid, and more preferably within the range of 1 .2 - 2. 

The invention also encompasses a plurality of nucleic add condensing peptides which are 
used to formulate a synthetic virus like partide of the invention, wherein each nucldc add 
condensing peptide of the plurality being a heterbpeptide, and the plurality of nucldc add 
condensing peptides having low polydispersion, the peptides being further characterized in that. 
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when contacted with recombinant nucleic acid, the peptides are able to nonK»vaIemly associate 
with the nucleic add to form a synthetic virus like particle containing condensed recombinant 
nucleic add, and the synthetic virus tike partide being diaracterizcd in that, when contacted with 
a mammalian cell, the partidc can transfect nuddc add mto the cdl. 

The plurality of nuddc add condensing peptides may comprise a first nuddc add 
condensirig peptide and a second nuddc add condensing peptide, wherdn the first nuddc add 
condensing peptide comprises a first fijnctional group covalently bound thereto, and the second 
nucleic add condensing peptide may comprise a second fimctional group covalenUy bound 
thereto, the second fimctional group bdng different fi-om the first fimctional group. 

A preferred nuddc add condensing peptide comprises an amino add sequence of the 
generic formula 

NHMKX,X,Y. YJ.X,X,KZ,Z3ZA) -{X5X,Y3Y,)„X,^^ 

wherdn each of X,^ is, independently, an amino add having a positively charged group 
on the side diain; wherdn eadi of Y,.^ is, independently, a naturally occurring amino add which 
promotes alpha helix formation; wherdn each of Z,^ is. independently, a naturally occurring 
amino add vath at least 3 amino adds having a high propensity to form a stabilized turn !tructure; 
wherein A is an amino-terminal serine or threonine residue; wherdn B is any amino add; and 
wherdn n = 2 - 4 and m = 2. 

Other preferred peptides are those wherdn each of X,^ is. independently, lysine, arginine, 
2.4.diamino-butyric add or ornithine; wherein each of Y,-, is. independently, glutamic add, 
alanine, seudne, methionine, glutamine, tryptophan or histidine; wherdn each of Zj^ is, 
independently, asparaginc, glydnc, proline, serine, and aspartic add; wherdn B is any one of 
alanine, glutamic add or cystdne. 

It is also contemplated according to the invention that peptides usefiil in the invention may 
contain one or more internal Serine, Threonine, or Cystdne residues, preferably at a position in 
the sequence vAich wiU be exposed for conjugation to a sdected ligand, and thus not on the 
poativdy diarged (nuddc add oriented) face of the a-helbe. This positioning of selected reactive 
amino add residues whhin the peptide and oriented such that they do not contact the face of the 
peptide that contacts nuddc add penrats conjugation of the peptide with other fimctional 
peptides by bonds of sdected and defined stability. Cystdne allows spedfic conjugation via the 
thiol ade chain to compounds containing other reactive thiol groups (via disulfides), alk>dating 
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functions (to fonn thioether bonds), or other thiol reactive groups such as maleimide derivatives. 
Bonds of "defined stability" are described herdnbelow, and include bonds such as add labile 
bonds (hydrazone) or linkages that are less stable in the redudng environment of the cytosol 
(disulfide). Such bonds are useful for carrying functional groups on the synthetic virus like 
particle. 

Preferred peptides which fall within this generic sequence indude: 
NBC7 TRIUWRRAKRRAARRCGVSARRAARRAWRRE-OH; and 

NBCn H-TKKAWKKAEKKAAKKCGVSAKKAAKKAWKKA.^ 

Thus, a nuddc add condensing peptide according to the invention may contain: 1) helix- 
forming amino adds, 2) a repeating three-dimensional structure that conucts the major groove 
of the nuddc add, 3) suitable chromophores for quantitation, and 4) a number of "handles" (i.e., 
reactive sites) for regio-spedfic conjugation of ligands which form accessory functional domains. 

Nucleic acid condensing peptides of the invention also may indude portions of HI 
(sequence I, II or III bdow) which are identified herein as sequences which possess the ability to 
condense ruiddc add. Therefore, a nucidc add condensing peptide of the invention can comprise 
a linear combination of the following three consensus sequences where the total sequence length 
is >17 residues: 
Sequence!: 

-K-K-X-P-K-K-Y-Z-B-P.A-J- 
where: K is Lysine, P is Proline; A is Alanine; X is Serine, Threonine or Proline; Y is Alanine or 
Valine; Z is Alanine, Theonine or Proline, B is Lysine, Alanine, Threonine or Valine; and J is 
Alanine or Valine. 
Sequence n 

-X-K-S-P-A-K-A-K-A- 
where: X is Alanine or Valine; K is Lysine; S is Serine; P is Proline; and A is Alanine. 
Sequence in 

-X-Y-V-K-P-K-A-A-K-Z-K-Br 
where: X is Lysine or Aiginine; Y is Alanine or Threonine; Z is Proline, Alanine or Serine; B is 
Lysine, Threonine or Valine; K is Lysine; P is Proline; A is Alanine. 

A preferred peptide is NBCl, which has the following structure: 
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NHHSV40 NLSHSeq I].(Seq iq-[Seq I1I1-[SV40 NLS]-[Seq IJ-C-COOH. 

where k Cysteine;whcre the SV40 NLS has the se^^ 
Val-Gln; and sequence 

H-PKKKRKVEkKSPKKAKia»AAKSPAKAKAKAVKPK^ 
KKAKKPAAC(AanH>H. 

Another preferred nucleic add condensing peptide of the invention will haye an aniino add 
sequence that fells within the following generic sequence. 
NHjiX^^^OOH 

where X is either absent or Serine or Threonine; Y is sequence 1. U or m as defined above; n is 
2-6; and C is Cysteine. 

Particularly preferred peptides according to the invention are the following: 

NBC2 has the stmcture: NH,-tSeq mHSV40 NLSlHSeq n-C-COOH, 
»*ere -C- is Cysteine. 

NBC8 has the struaure: NHj-[Seq I]-[Seq IJ-C-COOH 
where -C- is Cystdne. 

NBC13 has the struaure: NHj-ISeq IHSeq I].[Seq q-C-COOH 
where -C- is Cystdne. 

NBCIO has the struaure: NH,-(Seq IHSeq i]-[Seq I]-[Seq IJ-C-COOH 

^. is Cystdne; the amino acid sequences ofwhich are as follows: 

NBG2 H.KAVKPKAAKPiaa»iaCKRKVEKKSPKKAKKPAAC(Aan)-OH; 
NBC8 H.KKSPKKAKKPAAKKSPKKAKKPAAC(Aan)-OH; 
NBC13 H-KKSPKKAKKPAAKKSPKKAKKPAAKKSPKKAKKPAAC(Acm)-OH; 
NBCIO H-KKSPKKAKKPAAKKSPKKAKKPAAKKSPKKAKKPAAKKSPKKAKKP 
AAC(Acm)-OH 

Tlie invention also features a synthetic virus Uke partide for transfeaing nuddc add into 
a inaninialian cell, the synthetic virus like partidc comprising a recombinant 
P'^offi«™<^«wi<» condensing peptides. eKh peptide eompii^ 
fiinctional group, a second plurality of second nuddc add condensing peptides, wberdn each 
nuddc add condensing pepUde is a heteropeptide and eadi plurality of middc add condensing 
peptides has low polydispcrsion. wherdn eadi plurality of nuddc add condensing peptides is 
non-covalently assodated with the recombinant nuddc add sudi that the middc add is in 
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invenU n whh a neutral hydrophilic polymer, as descn^ed h 

The invention also encompasses a pharmaceutical formulation for administwing a 
recombinant nucleic add to a patient, comprising a synthetic virus like particle of the invention 
in admixture with a pharmaceuticaliy acceptable carrier. 

The pharmaceutical formutotion may further comprise an endosomal disruption agent, 
or a neutral hydrophilic polymer. 

) ' ' The im«ition also encompasses a method of introducing a recombinant micldc add imo 
^, .a patient, the method comprising administering to the patient a therapeutically effective amount 
^of a symhetic virus like paitide of the im«,tion or a pharmaceutidd formulation of the invention. 

The invention also encompasses a method of making a synthetic virus like partide for 
transfecting mammalian cdls with a recombinant nuddc acid, the method comprising mixing a 
recombinant nuddc add with a plurality of nuddc add condensing peptides under conditions 
suffident to pennit fonhation of a synthetic virus like paitide containing condensed nuddc add. 
wherdn the middc add condensing peptide is a heteropcpude and the plurality of nuddc add 
condensing peptides has low polydispersion. 

Preferably, the mixing step comprises mbdng the nuddc add with a plurality of nuddc 
add condensing peptides wherdn the plurality comprises a first nuddc add condensing peptide 
and a second nuddc add condensing peptide, each nucldc add condensing peptide bring a 
heteropeptide and each plurality of nucleic add condensing peptides having low polydispersion. 
wherein the first nuddc add condensing peptide comprises a first fijnctional group covalently 
bound thereto. 

The invention also encompasses a method of making a synthetic virus like paitide for 
transfecting mammalian cdls with a recombinant nuddc acid, the method comprising mixing a 
recombinant nuddc add with a first plurality of first nuddc add condensing peptides and a 
second plurality of second nuddc acid condensing peptides under conditions suffident to pennit 
formation of a symhetic virus like partide comaining condensed nuddc add. wherdn each first 
and second nuddc add condensing peptide is a heteropeptide and each first and second plurality 
of nuddc add condensing peptides has low polydispersion. 

Tlje method also may indude the step of mixing the synUittic virus like particle witii an 
endosomal disruption agent. 

The first nuddc add condenang peptide may comprise a first fimctional group covalentiy 
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linked thereto, and the second nucleic acid condensing peptide may comprise a second funaional 
group covalently linked thereto: The first and the second nucleic acid condensing peptides may 
have the same or different amino add sequences^ The first and second functional groups also may 
be the same or different groups. 

Each nucleic add condensing peptide may have additional fimctional groups bound 
theretp. and these fiinctipnal groups may be directly bound to the peptide or indirectly bound to 
tiie peptide through another functional group. 

The mbdng siiep of this method of the invenuon may comprise the step of selecting a ratio 
of first and second functional groups such that the proportions of first and second nucleic acid 
condensing peptides having covalently bound thereto first and second funaional groups, 
respectively, that are mixed with recombinant nucleic acid correspond to this ratio. 

The invention also encompasses high precision chemistry in that the bonding position on 
a nuddc arid condensing peptide may be selected for covalent linkage to a funrtional group, and 
the position on the functional group for bonding to an amino add on a nucleic acid condensing 
peptide also may be selected. The selection of a bonding position on a nucleic acid condensing 
peptide may include, for example, seleaing the amino acid position on the first nucleic add 
condensing peptide for covalent linkage to the first functional group and seleaing the amino add 
position on the second nucleic acid condensing peptide for covalent linkage to the second 
functional group. The bonding position may be an amino or carboxy terminal amino acid position 
of the nucidc acid condensing peptide. 

The invention also encompasses a method of making a synthetic virus like particle for 
transfecting mammalian cells with a recombinant nucleic acid, the method comprising a) 
contacting a plurality of first nucleic acid condensing peptides with a recombinant nucleic add in 
high salt concentration for a time sufficient to allow noncovalent association of the plurality of 
nucleic add condensing peptides with the nucleic acid and condensation of the nucleic acid, b) 
diluting the salt concentration of step a) to a lower salt concentration and bringing the solution 
to a concentration of neutral hydrophilic polymer which permits stable particle formation. 

Preferably, the method also includes an additional step, after or coinddent with step b), 
of adding a phxrality of second nudeic add condensng peptides, each second peptide comprising 
a lipid group covalently linked thereto, wherein each first and second nucidc acid condensing 
peptide is a heteropeptide and each plurality has low polydispersion. 
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Preferably, in step b), the dUution is performed simultaneously with the adding of the 
pknKty of second nucleic add condensing peptides. Akematively. the dilution is Informed pdor 
to the adding of the plurality of second nucleic add condensing peptides. 

The invention also encompasses a method of makiqg a synthetic virus like partide for 
traasfecting m«nmalian cdls with a recombinant nuddc add. the method comprising a) forming 
a mixture of a plurality of first middc add condensing peptides uid a recombinant middc add 
in high salt concentration, b) incubating the mbrture of step a) for time suffident to aUow 
noncovalent assodation of the phnaHty of nuddc add condensing peptides with the nuddc sdd 
and condensation of nuddc add. and c) contacting the mixture of step b) with a plurality f 

second nuddcadd condensing peptides comprisingaUpid group covalently linked toa second 
peptide, wherdn each first and second nuddc add condensing peptide is a heteropeptide and eadi 

plurality of nuddc add condensing peptides has low polydispersion. 

Further features and advantages of the invention will become more fiilly apparem in the 
following description of the embodiments and drawings thereof; and from the daims. 

PESCRIPTION OF THF FTHTip^^ 
Before describing the preferred embodiments off the invention, the drawings wiU be 



discussed 



Fig: 1(a) is a schematic representation of a synthetic virus like partide according to the 
invention (10) comaining a plurality ofa heteropeptide (20a) and condensed nuddc add (SO); 
Fig. 1(b) is a schematic representation ofa virus-like partide according to the invention 

(11) comaining a plurality of a heteropeptide having a first amino add sequence (20a). a plurality 
ofa heteropeptide having a second amino add sequence (20b), a plurality ofa heteropeptide (21) 
having a fimctional group (30) Unked thereto, and condensed nuddc add (SO); 

Fig. 1(c) is a schematic representation of a virus-like partide according to the invention 

(12) containing a plurality of a heteropeptide (20). a plurality of a heteropeptide (21) having a first 
functional group (30) linked thereto, a plurality of a heteropeptide having a second fimctional 
group (31) linked thereto, and condensed middc add (SO), the first and secomi fimctional groups 
being present in the partide in a sdected ratio; 

Fig. 1(d) is a schematic representation ofa virus-like partide according to tite invention 

(13) containing a phnality of a heteropeptide (20). a plurality ofa heteropeptide (23) having both 
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a first (30) and a second (31) functional group linked thereto, and condensed nucleic acid (50); 

^ ^ Fig. l(e) is a schenutic representauon ofa viius-iike partideaccdr^^ 
(14) containing a plurality of a heteropeptide (20), a plurality of a heteropcptide having a first 
fiinctional group (30) linked thereto and a second fiinctional group (31) linked to the first 
functional group, and condensed nucleic acid (SO); and 

Fig. 1(f) is a schematic representation of a vimsJike particle according to the invent 
(0 contaming a plurality of a heteropeptide (20), a plurality of a heteropcptide (21) having a first 
function^ group (30) linked thereto, a plurality of a Heteropeptide (22) having a second functional 
group (3 1 ) linked thereto, a plurality of a heteropeptide (25) having a third functional group (32) 
linked thereto, and condensed nucleic acid (50), the first, second, and third fuhtiohal groups being 
present in the particle in a selected ratio. 

Fig: 2(a)-(h) arc representative electrospray data on the mass distribution of peptides us^ 
in the invention. Each Figure shows the deconvoluted elearospray mass spectrum. Data 
collected on a VG Instruments Quatiro 11 Instrument fitted with a Quadropole analyzer. Peptides 
were dispensed and diluted into acetonitrite: methyoxyethanol; trifluoroacetic acid and injected 
directly into the instrument source- 
Fig. 2(a) refers to NBC 1; 
Fig, 2(b) to NBC2; 

Fig. 2(c) to NBC4; ^ 
Fig. 2(d) to NBC7; 
Fig.2(c)toNBC8; 
Fig. 2(0toNBC9; 
: Fig.2(g)toNBC10;and 
Fig.2(h)toNBC13 

Fig. 3 is a gel retardation assay for nucleic acid condensing peptides. Complexes were 
assembled and electrophoresis carried out as described in Example 4. 1 . 

Fig. 4(a) is a graph showing the effect of excess nucleic acid condensing peptide on 
uhtargeted transfection by synthetic virus like particles of the invention. 

Fig. 4(b) is a graph showing the effect of excess nucleic acid condensing peptide n 
transfection efficiency. 

Fig. 4(c) is a chart showing the effect of excess nucleic acid condensing peptide on 
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transfection cflSdcncy. 

Fig. 5 riK,ws the rtl«ivetrB«fection potency of individu^ ^ 

rZ!!'^""""' ^°"'''««^«»-'''«*«<'escribedi„Ex«„p,e4., u 
O^M sodnun chloride. 25mM sodium phosphate buffer ph7.4; «.d 2.g of peptide per ,s f 
pR^VI^cplas^idDN^ T,«.3sayperfo™ed^ 
(lxlO*cclls/poim) and 2.5 DNA per point. 

Fig. 6(.) shows the relative transfection efficiency of individual NBC peptides in 
con^inationwi.hafixedanK»^oflipl3inthecpmp.ex.Ex^^^^ 
for F.g. 5 except each complex was assembled in the presence of O.lSMg Up 13 per Mg DNA. 
NBC peptide concentrations were 2 ug peptide /I DNA. 

Rg. (Kb) is the same experiment as described in Fig. 6{a) except the ratio of Up 13 was 

increased to 0,6 /ig peptide/ 1 DNA. 

Fig. 7 is a UV absorbance trace of the elution pattern obtained during the ion^change 
Chromatography of anti-CD7-NBC2. 

Fig. 8 is a UV absoAance trace of the elution patter, obtained during the ionn^change 
chromatography of «.ti-CD33-NBC2 linked via an acid labile bond «,d a disulfide liricage. 

F.g. 9 IS a histogram showing reporter gene expression in human myeloid cells (K562 

cells) treated with a plasmid containing the reponer gene condensed with anti^33.NBCI The 
, «P^twascamedoutbythemethodsdescribedinExamples4:i and4.2.1. Theamount f 

DNA On a complex) per assay point ( IxlO' cells/point) was varied from 0.15.5 /.g. 

Rg. lOisahistognrnishowinstheeffeciofchargeratioontransfeaionefficiency. Data 
pomts are the average of two replicates 

Fig. 11 U a histogram showing the effect of antibody conjugate (ai-ti-CDT-NBCl) 
concentration in the nucleic acid condensing on transfection efficiency. Each data point is the 

average of three replicates. 

Fig. »28howsthefdativetransfectionefficiencyoftargetedcomplexes(antiCD7/Juricat 
ceUs) assembled with various proponions of ligand-NBC conjugate in the complex. The point 
of 100%condensationofRSVUK:DNAby ami.CD7-NBCl conjugate and unconjugated NBCl 
pepudes was determined by separate gel retardation analyses. Complexes were then assembled 
as described in Example 4.1 with various proportions of anti^7.NBCl. Conjugated and 
unconjugated NBCl were added in relative proportions so as to achieve 100% condensation f 
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the nucldc acid, as described in detail in Example 6. 

Fig. 13 shows the time course for expression of the luciferase reponer gene after 
transfection of Jurkat cdls with anti-CD7-NBCl complexes assembled as described in Example 
4. 1 in the presence of 0.6M sodium chloride, 2.5 mM HEPES buffer, pH 7.4. 

Fig. 14 shows the taigeting of hidferase reporter gene DNA to HepG2 cells using insuKn 
receptor-mediated gene transfer. 

Fig. 15 shows that the level of insulin receptor targeted gene transfer is diminished by 
transfection in the presence of unconjugated ligand. The control delivery system in. this 
experiment was a non-targeted gene complex composed of 2^g NBC13 per //g DNA in 
combination with 0.6 A/g Lip8 per ^g DNA. 

Rg. 16 shows the transfection of HepG2 cells using mannosyiated NBCl/pRSV Luc DNA 
complexes. Complexes were assembled as described in Example 4 . 1 and assayed as described in 
Example 4.2.2 except cells were incubated for both 24 and 90h after transfection. 

Fig. 17 is a histogram showing increased transfection efficiency obtained if 
N-palmityl-NBCl is incorporated in the complex. Anti CD7-NBC1 conjugate was co-condensed 
with increasing proportions of Lip2 as described in Example 4.1 and in the legend to Fig. 12 and 
used to transfect Jurkat cells as described in Example 4:2. 1 . 

Fig. 18 is a histogram showing increased iransfeaion efficiency obtained if 
N-palmityl-NBCl is incorporated in the complex. Anti CD33-NBC1 conjugate was co-condensed 
with increasing proportions of Lip2 as described in Example 4 .1 and in the legend to Fig 12 and 
used to transfea K562 cells as described in Example 4.2. 1 . 

Fig. 19 is a graph showing the effect of the presence of lipidated nucleic acid condensing 
peptide on the transfection efficiency of synthetic vinis like particles. Complexes were assembled 
as described in Example 4. 1 using NBC2 and Lip2 and assayed using HepG2 cells as described 
in Example 4.2.2. 

Fig. 20 shows the effea of Lip 2, Lip 7, Lip 8, and Lip 13 in combination with NBC 
pq>tides NBC2, NBC7, NBC8 and NBC 13 on non-targeted transfection of Jurkat cells using RSV 
Luc luciferase reporter gene DNA. 

Fig. 21 shows the effect of Lip 1 3 and palmityl poly-ly^e in combination with poly-lysine 
or NBC 13 on transfection of Jurkat cells using RSVLuc luciferase reporter gene DNA. 

Fig. 22 is a graph showing transfeaion of HepG2 and K562 cells using a synthetic virus 
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likepartide. 
upioated peptide. 

Fig. 24 is . chm showing the effect of vaxying the concentrations of PEG «.d salt in a 
syntheUc vuus like particle fonnulation on tnmsfection efficiency. 

Rg. 25 is a chart showing the effect of v«yi„g the concentrations of DNA and salt in a 
synthetic vuus like particle fonnulation containing 2-/. PEG on transfection efficiency. 

Fig. 26(a) shows the nJative transfection efficiency of fommlations of RSVLuc n»orter 
g«e DN^ Duplicate 1 sho^ the effect of the NBC2/yp2 implex fonnulated in 0.8M sodium 
chlonde.25mMHEPESpH7.4. 2.5.g /assay point were diluted directly into lx,0«,urkatceUs 
d^thet^nsfectionproceduredescribedinExamplc^Z.,. Duplicate 2 shows the tnnsfection 
efficency if the complex is first diluted into 0.1 5M sodium chloride and 25mM HEPES 
D^Lc^e 3 shows the transfection effidency after dilution i.o the same buffer except comaining 
.C..PEG ,0.000. DuP-icateSshowstheeffectobse^edwhenthecomplexesw^asscmbled 
Ac presence of 0.8M sodium dJoride and 3.5-/. PEG 10.000 and then diluted as described for 
Duplicates. 

F.^ 26(b) shows the effea of pre-assembling NBC2 complexes in 0.6M sodium dtloride 
25mM sodium phosphate and diluting this solution with phosphate buffered saline, phosphate 
buffered saline containing O.e^g Lip2/.g DNA. into phosphate buffered saline containing ,0»/. 
PEGJ0.000 and into phosphate buffered saline containing ,0% PEG ,000 and 0.6^g Lip 2/ug 

Fig. 27 shows the effea of maintaining various fonnulations at other 4" C or -20' C The 
fonnulations S6 . S,9 are summarized in Example ,3. 

Fig. 28 is a histogiam showing delivery of the synthetic virus Uke particle to peripheral 

blood mononuclear cells. 

F.fr 29 is a histognun showing ddive^r of the synthetic vims like particle to Juricat cdls 
and penphcral blood mononuclear cells. 

Fig. 30 is a series of photographs of cross-sections of tumor tissue which has been 
tnmsfected in vivo by a synthetic vims like partide in which tnmsfection by a lacZ reporter gene 
.s indicated as a blue color. The experiments wens performed with NBC2/Lip2 complexes 
assembled and fonnulated in a high salt fonnulation as described in Example ,2.,., 
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Eg. 3 l(aHO is a scries of photographs f cross-sections of tumor tissue which has been 
tiansfected in yhro l^r a synthcdc^v^ particle in which transfeaion by a lacZ reporter gene 
is indicated as a blue color. The experiments were performed with NBC13/Lip2 complexes 
assembled and formulated in an isotonic formulation as described in Example 12.2.2. 

DETAILED DESCRIPTION OF THE mVPNT7 f>^ 
The invention is based on the discovery of a highly efficient synthetic virus-like particle 
which, when contacted with a manunalian cell, transfers nucleic acid into the cell. The synthetic 
virus like particle includes a plurality of nucleic acid condensing peptides and condensed nucidc 
add. The diararteristics of these components of the synthetic vims like panicle, and how to make 
and use synthetic virus like particles of the invention are described in detail below. 
^ A nucleic add useful according to the invention may be any form of nudeic acid, e.g., 

circular, linear, double-stranded, and DNA or RNA. The nucldc acid may be of any length or 
sequence, e.g., a 10-50 base oligonucleotide or a longer vector DNA, e.g., l-20kb. 
— Nudetc acid condensing Peptides According to the Invention 

Nucleic acid condensing peptides useful in the invention possess the following 
characteristics. 

1 ) Nucldc acid condensing peptides useful in the invention are characterized in that the 
peptides are heteropeptides. 

As used herein, a "heteropeptide" refers to a peptide having a selected amino add . 
sequence. The term **heteropeptide" refers to a peptide having an amino acid composition of at 
least two different amino adds. This is in contrast to a "homopeptide" in which the amino add 
composition consists of identical amino acids. Thus, a homopeptide consists of 100% of the 
same amino add, whereas a heteropeptide consists of a polypeptide claim in which as few as a 
single amino add differs from the remainder of the amino acids in a chain, or for example 5%, 
10%, 20%, 30%, 50%, 70%, 80%, 90%, etc., of the amino adds in a chain differ from the 
remaining amino adds in the chain. A heteropeptide is therefore a linear peptide consisting of^ 
in tenns of its sdected amino add sequence, a variety of (i.e., at least two, at least three, at least 
four, etc..) types of amino acids. 

As used herein, an ''amino add" refers to any of the twenty natural common amino adds, 
and also may refer to natural, uncommon amino adds or amino acid derivatives or analogs. An 
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aminoaddinD- r ^ fonn may be present in a peptide acconling to the ihvcn^^^^ 

2) Nucleic add condensing peptides of the invention are also characterized in that a 
Plun% of nuddc ^6 ««tasi^ peptides, or a preparation of nudeic acid conde^ing peptides 
useful m die invention has a low polydispersion index. 

have a polydispersion index >,.,. This is evident in the description of pofylysine peptidi 
prepanu^ons « the prior an as having a "mean Mr" (Wu et al.. 1987. J. Biol. Chem 262 4429 
Wu et ,988. J. Biol. Chem. 263:14621; and Wu et al.. ,988. Biod.em. 27:887) or havii^g -ari 

average duun length" (Wagner et a,.. 1991. Proc. Nat. Aca. Sd. 88:4255; Wagner et 
Proc. Nat: Aca. Sd. 89:7934) or an "average degree of polymerization" (Bir«st«l 'et V 
EP0532525). Polylysine preparations having a mean Mr or an average chain length are used in 
the prior art to condense DNA for gene delivery. Such preparations are disdosed as having an 
average degree of pob^ion of a given number of lysine group, e.g.. "polylysine 90" has an 
average degree of polymerization of 90 lysine groups; "polylysine ,90- has an average degree of 
polymerizationof,901ysinegroups:e.c(Bir«teilet.l..supra.) Preparations of polylysine are 
.v..lable commerdally from Sigma Coq^oration and are known by one of ski« in ti,e an and 

doam««ed upon purduise to have an actual distnWn of sizes within each s^^^^ 
per sample, and may va^r. for example, from 30% - 150% of ti,e material being distributed Thus 
the actual peptide length within sud, a sample may be. for example. 80% above or 80% below the 
stated average length of the peptide. The length of the peptide is thus reported as an average of 
. varxxis s«es whid, average b determined by low-angle light scattering analysis of individual lots 
of chemically synthesized peptide. 

Nuddc add condensing peptide preparations usdiil acconiing to the invention have a low 
polyd-spersion index (PDI). also termed imlex of polydispersity. As used herein, a "low" 
polyd«persionindexreferstoaPDIof<1.01. Nuddc add conden^ng peptides useful in tite 
mvenUonhaveaPDI<1.0,.andpreferablyhaveaPDI<,.001. Nuddc add condensing peptide 
preparations of the im^ention. of course, may have a PDI of ,.0 and thus are temusd 
-monodispersed". As used herein, a "high" polydispersion index refers to a PDI of >1 .1. >1.2. 
>I .3, and generally in the range of 1., -2.0. 

The polydispersion index is used to diaraaerize the molecular wdght distribution of 
polymeric compounds. The PDI for a polymer having a homogeneous distribution of molecular 
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weights fi.c, where the polymer preparation contains a uniform molecular weight) is 1 .0, and for 
a highly heterogeneous polymer preparation (i.e . where the polymer preparation contains a wide 
distribution of molecular wdghts) the value approaches 2.0. 

The polydispcrsion index of a peptide preparation may be determined according to two 
methods which are described below: 1) using light scattering and colligative properties of the 
peptide preparation to determine the weight and number average molecular weights of the 
pqrtides in a prqwratipn; or 2) using dectro-spray mass spectrometry to determine the molecular 
weights of peptides in a given preparation. It is critical to the invention that the PDI be calculated 
according to the most accurate of the two methods, i.e., electro-spray mass spectrometry. That 
is, the former method of calculating the PDI provides only a rough estimate of the PDI in that, 
for a given peptide preparation, the ratio of Weight Average Molecular Weight / Number Average 
Molecular Weight for heterogeneous polymers may be determined, respectively, by light 
scattering and from colligative properties of the peptide preparation (G. Odian in Principles of 
Polymerisation, John Wiley and Sons, 1981). One such colligative property is viscosity (jwpra). 
However, these parameters for measuring weight and number average molecular weights, are not 
accurate enough to be used in the determination of the PDI of peptides having low polydispersion, 
because they provide only a rough estimate of the PDI, i.e., only to within 1% of the mass of each 
peptide component of the preparation 

For peptide preparations having a PDK 1 .0 1 , i.e., those peptide preparations synthesized 
according to methods described herein, a highly accurate measurement of peptide length in a 
peptide preparation must be provided such that the accuracy is within 0.01% of the mass of each 
peptide component of the preparation, and preferably within 0.001%. 

The PDI for polymer peptides dis posed herein may be calculated from analysis of the 
peptides by electro-spray mass spectrometry. This method gives the exact mass of each 
component to within 0.001%. Representative elearospray mass syseaometry data of the peptides 
used in the invention are provided in Fig. 2(a)-{h). The PDI values of the peptide preparations 
useful in the present invention are in the range of 1.0 • 1.01. Calculation of the PDI from 
dectospray data is illustrated in Example 3. Peptide preparations which are especially useful in 
the invention possess a PDI <1 .01, and even <1 .001 . In contrast, the PDI values for the nucleic 
add condensing peptide preparations reported in the prior art are > 1.1. 

3) Amino add length and composition of nucleic acid condensing peptides of the 



19 



WO9d/41606 



PCT/GB96/01396 



invent! n. 



Anudeie add condensing peptide suitable according to the invention is a basic peptide. 
i.e.. a peptide whh net positive chaige. for example a peptide or polypeptide comprising 2.50 
preferably 12-10. and more prefenAly 15-38 D or L amino add residues. Preferably, the 
potypeptide indudes at least 30%. more preferably 50%. and could include as mudi as 80-90% 
basic amino adds, sud, as lysine, argimne. hisidine. omiUrine.or a non-natural amino add 
contaming a side diain having a secondary or tertiary amine group. 
— A micldc add condensing peptide according to the imrention is preferably a peptide of; 
for example. 8-50 residues in length which includes a cystdne and/or tiireonine and/or serine 
residue whid, is available for regio-spedfic conjugation to a ligand. as defined herein. It b 
preferred that tht cysteine and threonine residues be located N- and C-tenninally. respectively, 
such tiiat ti>ey may act as handles for covalent attachmem of Ugands. 

Ahhough tiie im««ion contemplates tiie use of heteropcptides having overall net positive 
diaige. nuddc add condensing peptides useful in the invention also indude peptides wherein a 
large proportion (e.g. 30o/.-90%) of the amino add composition of the peptide is a single basic 
amino add spedes. such as lysine. For example, a heteropeptide which includes a sequence of 
from approximately 8 to approximately 30 lysyl residues is useful according to the im^ention. 
However, a peptide which is a homopolymer of lysyl residues is not useful according to tiie 
invemion because homopolymeric polylysine tends to be cytotoxic and to stick nonspedfically to 
cdl surfeces under certain conditions. Thus, the heteropolymeric nuddc add condensing peptides 
coraemplated herein are advantageous over homopolymers such as polylysine. 

4) A preferred nuddc add condensing peptide is a peptide or polypeptide having an o- 
hdical conformation structure. 

Sudi peptides, of wWdtNBC? and NBCl 1 (described herdn) are specific examples, have 
been designed to interact with DNA by imeracting through a confonnational structure that is 
alpha hdical. Where a functional group is covalently linked to die peptide, it follows tiiat tiie 
fiinctional group of the corrugate may be positioned around tiie turn of the alpha hdical structure 
so as to be optimally ejqwsed to the outer surface of the vims like partide. 

We have focussed on the confonnational stnicture of DNA-conjugate complexes C>.e.. 
DNA noncovalendy assodated with a conjugate which indudes a peptide of the invention 
covalemly finked to a functional group). The relevant intennolecular interactions are refined by 
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building a rigid scaffold which will specifically dock with DNA and allow positioning of the 
fimctional nxuety such that steric hindrance will not occur. Such a rigid scaffold is provided by 
any peptide v^diich forms a stable a-helix. 

A number of proteins that specifically interact with DNA (e.g., P22 cro, repressor, trp 
repressor. Cap, etc.) interact through an o-heiix structure (10 residue) \^^ch lays across the 
ma^or groove of the DNA helix. This o-helix is usually followed in the polypeptide by a reverse 
turn forming the helix-tum-helix motif which is characteristic of these proteins. Most of the 
interactions that these sequences make with the DNA are weak hydrogen bonds to the phosphate 
and bases. This is because the function of these domains is to recognize a particular base 
sequence and then trigger a conformational change. We hypothesized that if such helices are 
designed so that the hydrogen bonds were replaced by ionic interactions, the binding would be 
much stronger and useful to us as a docking/condensation peptide. 

A peptide having an a-helical scaffold is designed as follows. 
Using a molecular model of a 10 residue a-helix, a helical wheel and a model of B-DNA, it is 
apparent that strong interaaions can be nuide using a repeating sequence motif of XiXj-BB-XiXj- 
BB-X,Xj , where X, is a basic residue interaaing with the phosphate on one side of the major 
groove and X2 is a basic readue interaaing with a phosphate diametrically opposite the other side 
of the major groove. Either of X, and X, may be, for example. Lysine, arginine, or Histidine. 
Lysine, Arginine. and Histidine are preferred because both amino acids 1) are of sufficient size t 
bridge the major groove gap. 2) will interact strongly with phosphate and 3) are strong helix 
formers. If the residues BB are also residues with strong helix-forming propensities then the 
peptide will form a stable a-helix in solution. 

Preferred nucleic add condensing peptides according to this aspect of the invention will 
fall within the generic formula 

NH2-A-(XXYY)„XX-(Z,ZjZ^,j.(XXYY)„-XX-B-C00H 

where X is a naturally occurring or synthetic amino acid carrying a positively charged 
group on the side chain such as lyane, arginine, 2.4-diamino-butyric acid, histidine, and ornithine 
or a non-natural amino acid containing a side chain having a secondary or tertiary amine group; 

where Y is naturally occurring amino acid which has a high propensity to promote alpha 
helix formation as defined by Wilt and Thornton (1988) J. Mol. Biol 203. 2221-232 such as 
Glutamic add. Alanine, Leudne, Methionine or Glutamine, Tryptophan or Histidine; 
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where Z.^ are naturally occurring amino adds with at least 3 members of the sequence 
having 8 hi£^ propensity to foim stabilized turn structures as defined by Wilt -niomton (loc at.) 
such as. Asparagine. CHydnc, Proline. Serine, and Aspartic Add; 

where A is N-terminal Serine or Threodne allowing spedfic oxidation of the side duun 
to aldehyde group with periodic add and thereby permitting conjugation of the peptide to 

another molecule carrying a Ttactive hydrazide or aminooxyacetyl fimction; 

where B is any amino add but preferably Alanine. Glutamic Acid or Cystdne; and wher« 
n = 2.4andm = 2. 

It is also contemplated according to the im^ntion that peptides useful in the invention may 
contain one or more internal Serine. Threonine, or Cystdne residues, preferably at a position in 
the sequence which will be exposed for conjugation to a selected ligand. and tiius not on the 
positivdyd»iged(DNAoriented)faceofthea^. TOspositiodng of sdected reactive amino 
add residues widiin Ute peptide and oriented such that they do not contact the fiice of Uie peptide 
that contaas DNA permits conjugation of the peptide with other functional peptides by bonds of 
sdected and defined stability. Cysteine allows specific conjugation via the thiol side chdn to 
compounds containing other reaaive thiol groups (via disulfides), alkylatirig fimaions (to form 
thioether bonds), or odier tiiiol reaaive groups such as maldmide derivatives. Bonds of "defined 
stability" are described herdnbelow, and indude bonds such as add Ubile bonds (hydrarone) or 
linkages that are less suble in the redudng enviromnent of the cytosol (disulfide). Such bonds 
are usefiil for carrying fiinaionnl groups on the synthetic virus like particle. 

In this aspect of the invemion. a peptide will contain: 1) hdix-forming amino acids, 2) a 
repeating three^imensional structure that contacts the major groove of tiie DNA, 3) suitable 
diromophores fijr quantitation, and 4) a number of "handles" Cic.. reactive sites) for regio-spedfic 
conjugation of ligands whidi form accessory fiinctional domains. Examples of such peptides 
indude NBC7 and NBCl 1. In tiiese peptides, the tiueonine at position 1 is available for oxidation 
to glyoxal and therefore for conjugation via an oxime bond, tryptophan at positions 5 and 28 are 
chromophores which will allow quantitation in the presence and absence of DNA. The lysine at 
position 9 cfNBC7 and the ghitannc add at position 9 of NBC-1 1 are available for repo-specific 
conjugation via reductive amination. peptide bonds, etc., and the cystdne at position 16 for 
eoiijugation via thioether and disulfide bonds. The C-terminal glutamic add of NBC7 is available 
for modification to a hydrazide and therefore for coupling via an oxime or hydrazpne bond. 
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5) AsK>ther preferred nucleic acid condensing peptide is a peptide comprising a sequence 
which is derived from a sequence ofhistone HI protein and other hunm 

Histone HI is a highly basic protein of the histone family that is found in all higher 
organisms. Histone HI unlike the majority of other members of this family does not assemble as 
an integral part of the nucleosome. Histone HI is believed to interact primarily with those 
stretches of chromosomal DNA linking the nucleosome complexes of chromatin (Alien et al. 
Nature 288(1980). 675). Histone HI binds to naked DNA with the same salt dependence as HI 
depleted chromatin (Kumar and Walker ( 1 980) Nucleic Acids Research 8,313 5). 

Histone HI protein is not useful as a component of a gene therapy delivery vehicle because 
it is not readily available and is a biological repressor of its own transcription. Recombinant 
histone H] cannot readily be produced by recombinant methods, and the protein is too large to 
be synthesized chemically. Purification of HI from mammalian sources other than human cells 
poses a safety hazard. The use of histone HI to promote the condensation of plasmid DNA for 
transfection is likely to reduce expression of the delivered gene because HI is part of a general 
repressor mechanism where the presence of excess histone HI leads to reduced transcription 
(Weintraub, H.[1985] cell. 705-711; Croston et al. [I99I] Science 251, ^3). 

Nucleic acid condensing peptides of the invention, however, may include those portions 
of H I (sequence I, II or III below) which are identified herein as sequences which possess the 
ability to condense nucleic add. Therefore, a rtucleic add condensing peptide of the invention can 
comprise a linear combination of the following three consensus sequences where the total 
sequence length is >1 7 re»dues: 
Sequence I: 

-K-K-X-P-K-K.Y.Z-B-P-A.J. 
where: K is Lysine, P is Proline; A is Alanine; X is Serine, Threonine or Proline; Y is Alanine, 
Proline, or Valine; Z is Alanine, Threonine, Lysine, or Proline; B is Lysine, Alanine, Threonine 
or Valine; and J is Alanine or Valine. 
Sequence n 

-X-K-S-P-A-K-A-K-A- 
where: X is Alaiune or Valine; K is Lysine; S is Serine; P is Proline; and A is Alanine. 
Sequence m 

.X.Y-V.K-P-K-A-A-K-Z-K-B- 
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where: X is Lysine or Ar^ne; Y is Alanine. Valine, or Threonine; Z is Proline. Alanine or 
Serine; B is Alanine. Lysine. Threonine or Valine; K U Lysine; P is ProUne; A is Atemne. 

Sequence IV is a consensus sequence from all human histone sequences: 
SequencelV 

-A-B-C-D-E-F-G-H-I-J-K- 
where: A is preferably Lysine or Threonine; B is preferably Glycine or Glutamine; C is preferably 
Glycine, but can also be Aspartate. Gluumate. or Serine; D is preferably Glycine, but can also be 
Lysine. Valine. Glutamine. or Threonine; E is preferably Lysine or Alanine; F is preferably Alanine 
or Lysine. G is preferably Aiginine. but can also be Valine or Isoleucine; H is preferably Alanine! 
but can also be Threonine. Histidine. or Proline; I is preferably Lysine. Arginine. or Glutamine; 
J is Alanine or Angininc; and K is preferably Lysine or Glutamine. A preferred consensus 
sequence is; 

-K-G-G-G-K-A-R-A-K-A-K-. 

NBC 1 has the following structure; 
NHj-[SV40 NLS].[Seq I].[Seq II]-[Scq in]-[SV40 NLS]-[Seq I]-C-COOH 
where <:> is Cysteine;where the SV40 NLS has the sequence Pro-Lys-Lys-Lys-Arg-Lys-Val-Gln. 
(Dingwall and Laskey (1991) Trends Biochem. Sci. 16. 478). 

Therefore, another preferred nucleic acid condensing peptide of the invention will have 
an amino add sequence that falls within the following generic sequence; 

NHj.X^„.C-COOH 

where X is cither absent or Serine or Threonine; Y is sequence 1, II, III or IV as defined above; 
n is 2-6; and C is Cysteine 

Pa-niciilariy preferred peptides are the following; 

NBC2 has the structure; NH^-fSeq III]-ISV40 NLSl]-[Seq I]-C-COOH 
where -C- is Cysteine. 

NBC8 has the struaure; NH2-[Con Seq I]-[Con Seq I]-C^OOH 
w*ere -C- is Cystdne. 

NBC13 has the structure; NHj.[Seq I]-tSeq I]-[Seq I]-C-COOH 
where -C- is Cystdne. 

NBCIO has the structure: NH,.[Seq Il-[Seq I]-[Seq I]-[Seq IJ^^OOH 
where -C- is Cystdne. 
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Synthetic vinis like paitidcs prepared wi^ 
salt at >10 ng/rnl; therefore, these peptides are preferred where salt is present during particle 
formulation. Generally, if the particles are ccnformationally pure and the peptide/DNA 
interactions stable, then this sah cflEect is not obsen^ (charged particles tend to repel each other). 
However, h is preferred according to the invention, as described in detail hcrdnbelow, that some 
salt be present during formulation of a synthetic virus like particle of the invention. 

Sequences NBC8 - 10 are derived from pan of NBC2 but lack the nuclear localization 
sequence and have a repe^ motif (seq. 1, 11 or III above) which has enabled us to look at the 
effect of peptide length on function. NBC8 has a double repeat of this sequence. NBC 13 a triple 
repeat and in NBC 10 the sequence is quadrupled. 

The sequences of NBCl- 10 are as follows. 

Nm-PKKKRKVEKKSPKKAKKPAAKSPAKAKAK^ 
AAKPKKPKKKRKVEKKSPKKAKKPAAC(AcmKOOH 

NH2.KPKAAKPKKPKKKRKVEKKSPKKAIGCPAAC(^ 
Nm-KKAKSPAKAKAKAVKPKAAKPKKSPKKAKK^ 
Nm-KPKAAKPKKEVKRKKKPKKSPKKAK^ 
m-KAKAKAKPKAKAKAKPKAICflJC^ 
NH2.TRRAWRRAKRRAARRCGVSARRAARRAWRRE-C00H 
Nm.KKSPKKAKKPAAKKSPKKAKKPAYC(Acm>COOH 
m-TKKSPKKAKKPAAKKSPKKAKKPAAK^ 

Nffi-KKSPKKAKKPAAKKSPKKAKKPAAKKSP. 
KKAKKPAAKKSPKKAKKPAYC{Acm)-COOH 
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NBCii Nm-TTCKAWKKAEKKAAKKCGVSAKKAAKKAV^ 

NBCI2 H2.TTacSPKKAKKPAAKKSPKKAKKPAAiaCSPKK^ 

NBC13 Nm-KKSPKKAKKPAAIOCSPKKAiaCPAAKKSKa^ 

NBC14 Nffi-TKKKKiaCKKKKKKKKKKKKC^OOH 

The syntheses of these peptides a.^ described in detafl m Examples 1 and 2. Other nucldc 
acid condensing peptides whose synthesis is not specifically described herein are synthesized 
essentially as described in the examples! 

6) Nucleic add condensing peptides of the invention may contain one or more covalently 
linked functional groups. 

As used herdn. a "funaional group" refers to a proton, peptide. Upid. or chemical group 
that is covalently finked to a DNA binding peptide, as defined herein, and which has a biological 
fiinction with lespea to paitide stabiUty in biological fluids, entiy into a cell, or delive^' of DNA 
to the cdl nudeus. or integration into the chromosome. The covalent linkage may be a stable or 
labile linkage, as defined herdnbdow Where the fiinaional group is a peptide, the covalent 
linkage may be a peptide bond, thus creating a fiision protdn. 

— ^ Examples of fimctional groups useful according to the invention indude but are not Umited 
to the foUowing: a) a ligand. sud, as i) an zmlgtnl^t^l or ii) a targeting molecule having a 
cognate receptor on the suri3«* of a target cdl; b) a lipid; c) a neutnd hydropW^^^ 
endosomal disniption agent; e) an enzyme, and 0 an agent which promotes intracellular 
trafficking into the nudeus. and combinations thereof, 
a) Functional groups which are ligands. 

A hgand win mdude an antigenic^ptide recognized by a cdl as fordgn (for example, a 
dendritic cdl) and thus will promote uptake of the synthetic vims Ukc partide by the cdl. A 
Bgand also may be a targeting molecule having a cognate receptor on the surface of a target cdl. 
For example, induding but not limited to antibodies; lectins; sugars sudi as monosadiairides or 
oligosadianides. for example, mannose, galactose, fiicose. and sialic add; transferrin; and 
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asialogjycoproidn. For example, antibodies which target cells include but arc not limited to anti- 
mt^Tins for targeting keratinocytes, anti-E-sdectin for targeting endothelial cdls, anti-CD2, CD4 
or CD8 for targeting Tcells, anti CD33 for targeting monocytc/macrophage/dendritic cell 
precusors, anti-HLA Class II (constant region) for targeting macrophages, Bcdls and activated 
dendritic cells. anti^SO. CD19 or CD22 for targeting Bcells; and antibodies for targeting cancer 
cells include but arc not limited to anti PEM (polymorphic epithelial mu in) for colon and breast 
cancers, ami CEA (cardnoembryonic antigen) colorectal tumors, anti MAGE for melanomas, and 
anti-EGFR-! (epidermal Growth factor receptor-1 ) for lung and breast cancers. 

A targeting ligand useful according to the invention will recognize and bind with high (i.c, 
Ka=<10nM) and specific affinity a specific ligand on the target cell type. In practice, the most 
useful targeting ligands are monoclonal antibodies or a receptor molecule, such as insulin r 
epidennal growth fector, or alternatively the binding domain of a receptor binding molecule such 
as that of E-selectin. 

One type of targeting ligand useful according to the invention comprises the protein 
hormone insulin or a derivative of insulin to direct the synthetic virus like particle to cells 
expressing the insulin receptor, where the insulin or insulin derivative retains receptor binding 
properties when conjugated to a nucleic acid condensing peptide. The synthesis of insulin and 
insulin derivative conjugated peptides is described in Example 1, 6 and 7, and the use of such 
peptides for targeted gene transfer to insulin receptor-bearing cells is described in Example 6. 

The efficiency of transfer of nucleic add from the synthetic virus like particle to the target 
cell may be dependent on the density of the ligand in the synthetic virus like particle. 
Receptor-ligand interactions which trigger endocytosis usually involve initial oligomerization of 
the membrane bound receptor. Therefore, it is preferred that the synthetic virus-like particle 
desoibed herdn be used in an amount effective to allow for clustering of bound receptor at the 
cell surface. One way in which such clustering is achieved is to synthesize a peptide containing 
a clustered ligand, such as a clustered monoclonal antibody, as described in Example 6. 

The targeting ligand can also be a sugar residue coupled directly to the amino group f 
an amino add of a nuddc add condensing peptide or indhrectly linked to the peptide, for example, 
through a PEG functional group. Syntheses and uses of such derivatives are described in 
Examples 1,6, and II. 

b) Functional groups of the invention also include lipids and thus, when conjugated to a 
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peptide Of tl« invemion. form lipid-derivatired nudeic ad^ 

As««dh«„.theten„«Iipid"refersto.fourMhirtyc«1«„moIecu^^ 
» water ^ soluble in alcohol. The tenn indudes fats, fatty oils, essential oils. ^es. sterols 
dKjlesterols. phospholipid,, glycolipins. sulfolipins. a^inolipins. duomolipins. and fetty adds ' 
The m.ddc add condensing peptide can be spedfically modified according to the invemion by 
condensation with aniipid. for «an.p,e, an activated ester of a fimy «nd. The latty add is ideally 
ether palmitic «»d. oldc add. such as dioleoylphosphatidylethanolamine. myristic add r 
Cholesterol, although other fatty adds, such as stearic add. may also be employed. An example 
ofti«symhesisofN^toyl.NBC2(Lip2)is provided in Example 1 and 7. and its use in gene 
transfer is described in Example 7. The effea of the presence of the lipid component on 
tnmsfecdon effidency of the synthetic virus-like panicle is dramatic (see results presented in Fig - 
17-23) leading to >40-fold increase in activity. The phenomenon is unrdated to the effect 
Observed during DNA transfection using cationic lipid, where aaivity is proportional to ti,e level 
of catiodc lipid in ti« complex, in which the ligand density required for transfection is orders of 
magmnide higher (e.fr. IOx-1 OOx) ti«n the ligand density required for gene tramfer according to 
the present inventioa 

Cholesterol rdm ,o a fipid having the carbon ring structure shown in Example 1 and also 
mdudes derivatives having atuched groups. 

One advantage conferred by the presence of lipidated peptides in the panide or the 
pan.de fomiulation is resistance of the panide to degradation. The presence of lipidated peptide 
.n the panide formulation confers higher resistance to inactivation by human plasma 
Expenments presented in Example 7 show ,hat .he presence of lipidated peptide in ti,e panide 
fonnulation increases the relative level of t ransfeaion after exposure of the synthetic vims like 
panide to various levds of human plasma in the transfection medium (Fig. 23); 

c) A fimctional group which is a neutral hydrophilic polymer. 

Littie is knownabout ti« sohouion and stabilization of polycation-nuddc add complexes 
and most of the litentture to date has been focused on tiie importance of dectrostatic interactions 
and the nature and concentration of the counter ion (e g. Garda-Ramirez et al (1994) 
Biopolymers H 285-292; Mistm and Honig (1995) Proc. Nati. Acad. Sd. U.S.A. 92. 4691) In 
the case of protdns. the U««ry of how solvation and solvent additives influence the stability of 
protdn stnictures is wdl advanced (reviewed Arakawa et al (1993) 1-28; Tmiasheff (1992) in 
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Stability of Protein Phannaceuticals Part B, pp 265-285) The theory of the action of these 
stabilizing additives is that stabilization is brought about by the themiodynamically unfavorable 
interaction of the protein and solvent additive. This tendency of the protein surface to repel the 
stabilizing additive from the immediate vicinity of that surface is a phenomenon called selective 
hydration or negative binding. That is, the concentration of this additive near the protein surface 
is much lower than in the bulk solvent. Thus, when protdns are denatured or unfolded, the 
airfece area of the polypeptide that is in contact with the solvent increases enormously. Because 
the pncfcrential exclusion of the sohrat additive from the solvent layer in contact with the protein 
is dearly proportional to surface area, the native compact state will be favored over the denatured 
(extended) state as less solvent additive will have to be preferentially excluded from the native 
state. Compounds which have this effect are those which typically do not have strong polar or. 
ionic interactions with the protdn, do not have strong hydrogen bonding funaionalities and have 
a tendency to repel non-polar molecules. Such compounds are polyols, such as sugars, glycer 1 
and hydrophilic polymers such as polyetheylene glycol, methyl cellulose, poly vinyl alcohol, 
polyvinylpyrrolidine, hydroxy propyl cellulose, pullulans. polyoxamers, polyoxamines. 
polysorbates, and poly (2-hydroxy propyl) methacrylamide. 

Much of the work in the literature on condensation of nucleic adds has focused on the 
influence of ionic strength on aggregation and size (Garcia Ramierez ibid\ Ferkol, WO 95/25809) 
The degree of condensation achieved by mixing cations and DNA in the presence of salt generally 
do not approach the degree of condensation found in natural chromatin. We hypothesized that 
increased DNA condensation could be achieved by applying the prindples of protein structural 
stabilization to cation-DNA interactions. That is, when muhivaient cations neutralize the high 
n^ative charge density of the DNA, the forces of dectrostatic repulsion which ensure the DNA 
helix is extended disappear and the DNA structure collapses (condensation) as hydrophobic 
interactions between segments of complexed helix predominate. Given the length and rigidity of 
the DNA hdbc, there will still be forces vAuch will increase the packing density of the DNA in the 
collapsed state. 

We hypothesized that the use of co-solvents which are excluded from the surface of 
hydrophobic surfeces, such as hydrophilic polymers (polyethylene glycol [PEG], pluronic polyols, 
polyvinyl alcohol, polyvinylpyrrolidine) should lead to higher levels of nucleic acid compaction, 
lower aggregation, more stable formulations, and thus smaller overall size of the particle. This 
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has been observed experimentally. 

As used herein, the term "neutral hydropWlic polymer" includes those poteieric molecules 
which act as co-splvems with peptides of the invention, including polyols. such as sugais. 
glycerol and hydrophilic polymers such as polyethcylene glycol, methyl cellulose, poly vinyl 
alcohol and poly- vinylpyirolidine. hydroxy propyl cellulose. puUulans. polyoxamers. 
polyoxamines. polysorbates. and poly (2.hydroxyI propyl) methacryhunide. Such polymeric 
molecules wfll fall within the molecular weight lange 1000 - 100.000; preferably within the 
molecular weight range 1000 - 50.000; and most preferably within the range 5000 . 10.000. 

A -neutral hydrophilic polymer" is used herein as in two forms. That is. a neutral 
hydrophiUc polymer may be used according to the invention as a fimctional group which is. 
directly or indirectly, covalently linked to a peptide usefiil in the invention, or it may be used ai 
a co-solvent during formulation of a synthetic vims like particle (see below). Without being 
bound to any one theory, it is believed that either use of a neutral hydrophilic polymer according 
to the im^on resuhs in better nucleic add compaction, smaller overall size, and greater stability 
of the synthetic vims like panicle, and thus produces better transfeaion efficiency of the particle 
with respect to target cells. 

A neutral hydrophilic polymer may be linked to a peptide, and thus presented as a 
fiinnional group, as described in detail in the Examples. 

d) A functional group which is an endosomal disruption agent. 

A functional group useful according to the invention includes a ligand which serves to 
promote uptake of the synthetic virus like particle by a cell. Many peptide molecules are known 
in the art which have the ability to promote uptake of a molecule imo the cell, e.g.. by disrupting 
membrane structure. The most useful of such peptides for synthetic virus like panicles are those 
wWch undergo a pH dependent conformational change, such as the HA peptide from the influenza 
Vitus. The structure and synthesis of such a peptide is provided in Example 8. 

Additional fiisogenic peptides useful accorditig to the invemion are as follows. The 
^isogenic peptide from Sendai Vinis has the amino acid sequence: 

H.Phe.Phe<ay.Ala-VaI.IIe<Hy.Thr-Ile-Ala-l^.Gly-Val-Ala.Thr-Ser.Ala^^^ 
ne-Ala-Leu-Ala-Glu-Ala-Aig-Glu-Ala-Lys-Arg-OH (D. Rapaport and Y. Shai, J. Biol. Chem. 
1994,2«,15124-1513 1). The fusogenic peptide sequence from HIV gp41 protein: 

H-AIa-Val-ay.Ile-Gly-Ah-1/a.-Phe-Leu-Gly-Phe-l^-Gly-Ala-Ala-Gly-Ser-Thr-Met-Gly- 
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Arg-Ser-OH (M. Rafalaski, J.D. Lear iand W.F. DeGrado. Biochemistry 1990.29,7917-7922) 
The fiisogenic peptide sequence from Paradaxin: 

H-Gly-Phc-Phe.Ala-l^u-ne-Pro-Lys-Ile-Ile.Ser.Ser-Pro-Leu.Phe-Lys-Thr-I^ 
Leu-Ser-Scr-Ser-Gly-Gly-Gln-GIu-OH (D. Rapaport. G.R. Hague, Y. Pouny and Y. Shai, 
Biochenwstry .1993,12,3291.3297). The fiisogenic peptide sequence from Mel^^^ 
H-GIy-Ilc-Gly-Ala-Val-l^-Lys-Val-Leu-Thr-Thr-Gly-I^-Pro-Ala-^ 
Arg-Lys-Arg-Gln-Gln-NHj (C.R. Dawson el al., Biochem. Biophys. Acta: \97Z,5I0JS). 

A mechanism by which a fiisogenic peptide is believed to promote uptake of a synthetic 
vims like particle by the cell is as follows. At neutral pH the peptides have a random structure 
and little or no interaction with the cell membrane. The peptides enter the endosomal 
compartment by diffusion or preferably by being carried in as part of the virus like particle As 
the pH of the endosome drops, the HA peptide fomis an a-helical struaure or aggregates thereof 
and these insert into the endosomal membrane and disrupt its integrity. 

c) A fimaional group according to the invention may be an enzyme. 

As used herein, an enzyme is defined as a molecule which, when covalently linked to a 
nucleic acid condensing peptide of the invention, is capable of effecting a biological activity 
involving breakage and reformation of a covalem bond. Examples of such functional groups 
include a recombinase or an integrase, both of which promote recombination of the recombinant 
DNA with cellular DNA, or an intracellular trafficking enzyme, or reporter enzyme such as 
horseradish peroxidase, as described in Example 9. 

f) A functional group according to the invention may be a nuclear localization sequence. 

Nuclear kx:alization sequences usefiil in the invention include sequences which resemble 
the short basic NLS of the SV40 T antigen described hereinabove; :he bipartite NLS of 
nudeoplasnun; the ribomideoprotein sequence A 1 , the small nuclear nbonucleoprotein sequence 
UlA, and human T-lymphotrophic virus- 1 Tax protein; the HIV matrix protein NLS; and the 
nuclear translocation components importin/hSRPl and RanyTC4. Of particular use in the 
invention is a nudear locaHzation consensus sequence KXXCK/R) flanked by Pro or Ala (Roberts 
(1989) Biochem. Biophys. Acta. 1008 . 263, herein incorporated by reference), or the nuclear 
localization sequence of nudeoplasmin (Dingwall and Laskey, Trends in Biotech. 16, 478 (1991), 
or the NLS from antcnnapedia (Derossi et al.. Jour. Biol. Chem. 269, 10444 (1994)). 

The invention thus also encompasses a nucleic add condensing peptide which is linked to 
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anon^c««dcarlocaliadonsequencewhosenatundi^ 

Such sequences are known in vinises. e.g..influenza nucleoprotein(DavQr et al. CeU 4Q. 667 
(1985)X HIV MA protem (CSalhy et al . CeU 379 ( 1 995) . Nudeoprotein 
also occur m proteins which transport ribonucleoprotcin complexes. e.g.. hnRNP AI protein 
(Siomi «Kl Drey&ss J. CeU. Biol. J22. 551 (1995)) . The synthesis of. nucleic add condensing 
peptide (NBC2) linked to the M9 nudear localization sequence of hnRNP Al is described in 
Example 10. 

A midear localization sequence may be covalently linked to a nuddc add condensing" 
peptide of the im^on as a fimctional group, or it may be piesem within the sequence of the 
nuddc add condensing proton via peptide bond linkage as a fusion peptide. ^ 

Nudcicadd condensing sequences espedally useful in the invemion comprise not only a 
nuddc add condensing domain, but also a nudear localization sequence which directs tnmspon 
of the vdude to the nucleus. Examples of such nuddc acid condensing peptides are NBCl and 
NBC2. described herdn, which include the SV40 T antigen nudear localization sequence within 
the peptide sequence, as shown in Examples 1 and 2. Example 1 0 shows that higher transfection 
activity is assodated with use of NBC2 as a condensing peptide over NBC5. NBC5 has the same 
structure as NBC2 except that ti«Nl^ has been inactivated by reversingth^^ 
of this part of the sequence. It U within the scope of the invention to combine peptides having 
different sequences, e.g.. NBC2 (comaining a nudear localization sequence) and NBC9 (no 
nuclear localization sequence). 

Linkage of Functional Group to Nudeic acid condensing Peptide. 

A nuddc add condeiising peptide of the invention whidi is conjugated to a functional 
group may be so conjugated via a bond whid, is stable enough to allow assodation of the peptide 
and the fimctional group to the cdl surface and into the cell, if desired. 
The following types of linkages are comemplated according to the invention. 

1. Stable Linkages 

When bond stability is not an imponart variable (e.g. polymerization of the basic polymer 
unit) then a stable linkage is preferred. Preferred stable bonds are amide, thioether and oxime. 
P-C=N^>.NBC Oxime 
P-S-CH,-NBC Thioether 
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P-S 




f-NBC 



Thioether 



R'CR'^K^NH-NBC Amide 

P b any of the above^isted fimcuonal groups, and 
pq}tide. The synthesis of thioether linked components is provided in Example 6. Amide linkages 
may be formed by reduction of SchifTbase bonds formed by reaaion of aldehydes and amino 
compounds. An example of this synthesis is given in Example 6. 

2. Add Labile Linkage 

AAer endocytosis, neither the funaional group nor the fiisogenic peptide need remain 
bound to the synthetic virus like particle. Upon entry of the particle into the cell, the newly formed 
endocytodc vesicle rapidly acidifies and incorporation of pH labile bonds in the structure can be 
used to shed these components from the particle. The preferred pH labile linkage is the unreduced 
hydrazone bond. Hydrazone bonds are readily synthesized by the reaction of aldehydes with 
substituted hydrazides. 

. . P«^H=NNH-NBC , '.. . Hydrazone i-i>-'.v. :'>wr:} %.-y::<:f:..v-.V:e'--\v. 
The synthesis of such structures is provided in Examples 6 and 8. The synthesis of a 
protease-cleavable acid labile linkage is described in Example 8. 

3. Reducible Linkages 

The cytosol of mammalian cells is kept under net redudng conditions by the synthesis of 
reduced glutathione. Disulfide bridges, therefore, are cleaved upon absorption of molecules into 
the cytosol. This linkage is therefore useful for the coupling of peptides to the synthetic virus like 
particle whose function is not necessary after the particle has entered the cell (for example, a 
targetirig protein or a fiisogenic peptide). Disulfide linkages are readily synthesized by employing 
thiol residues activated with the 2-pyTidyl group (Carlsson et al., Biochem. J. 173. 723-737 



(1978)). 



P-S-S-NBC Disulfide Linkage 

Examples of the synthesis of such compounds are provided in Examples 6 and 8. 



Linear or Branched Chain Polymers 
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TT^syntheticviiuspaitidenaycompriseehtea W 
in genera] terms by the formulae: 

LINEAR POLYMER: P>J 

L 

NHj-CXJCONH(Y)COR' 
BRANCHED POLYMER: 

NH,-{X.[L-PJ.CO[NH(Y) 

CHCO].NHCH,(Y)COR' 

NHj^[L-PJ,CO[NH{Y) 
Where: 

P is a protein or peptide or other chemical substance and b is 1-20. where P belongs to one 
of the following groups: 

(1) A taigetingprotein or peptide which specifically imeraas with a stmaure on the surface 
of the target cell. 

(2) (» above in combination with (i.c.. conjugated to) a protein, peptide or other chemical 
substance which facilitates the penetration of membrane stiucture (plasma, endosome or 

nudear) or interans with cellular components to enhance transport to the nuclwis. 

(3) (1) above in combination with (i.e.. conjugated to) a lipid derivative with or without the 
agent described in (2) above. 

(4) (1). (2) or (3) above in combination with a protein, peptide or other chemical substance 
which enhances the expression of the delivered genetic material sudi as an integrase or 

recombinase enzyme or other enzymatic function which enhancestransport of the complex 
to the mideus or aids integration ofDNA. 

X. is a nudetc add binding componem comprising an amino add sequence or other 
biological sequence containing monomer units which are capable of binding to nuddc add. and 
preferably containing at least one nudear localization sequence, where a is 1 -5; 

L is a linker sequence comprising an amide. hydrazone.reduced hydrazone, disulfide, 
thioether or disulfide bond. The linker sequence may be a lipid or polyethylene glycol. 

Y is i-CH^ w*ere t is 1 ^. and preferably 1-5; 

R' is ^H, -hJHj or 0(CH^,CH, where n « 0, 1-3. 

Avherein. in the biandied polymer, the second chain containing a P group can be the same 
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as or different from the first chain. 

Characteristics ofSynthctic Vims Like Particles of the Invention. 
1) Overall Charge 

Synthetic vinis like panicles of the invention will possess an overall (net) charge as 
follows. Synthetic virus like particles which are designed so as to target a particular celt type, and 
therefore contain a targeting ligand. will possess an overall charge in the range of 0.5 * 3.0, more 
particularly in the range ofO.S - 2.0, &nd optimally in the range of 0.8 - 1.2. Particles which do 
not target a particular cell type, but are designed so as to transfea a broad range of cell types will 
possess an overall charge in the range of 0.5 * 5.0, more particularly in the range of 1 .0 - 3.0. and 
optimally in the range of 1.3 - 3.0. 

The overall charge (i.e., the balance of positive and negative charge spedes) of the 
synthetic virus like particle are determined as follows. The number of moles of phosphate 
residues present in the nucleic acid component of the panicle is estimated based on the amount 
of DNA to be used in the condensation reaction: 

nM Phosphate in Condensation Reaction = (jig DNA/0.62) x 2 
(Assumes average molecular weight of one base pair = 620.) 

The number of moles of positively charged groups of each peptide is calculated based on 
the mass of the condensation peptides and conjugates to be added to the DNA: 

nM Positivdy Charged Groups = (A^g Peptide/Molecular Wdght x 10-3) x No. of Positive 
Charges in Sequence. 

The Charge Ratio is then: 

« X '^o^^^'v^'y ^^''S^d Groups)^ /nM Phosphate 
where n is each constituent peptide in the condensation reaction. 

The nucleic acid condensing activity of peptides having different charges and the 
transfection effidendes of synthetic virus like panides having different chaige ratios are presented 
in Example 4. Transfection effictencies of panicles containing varying amounts of ratios of 
positivdy/negativdy charged residues are presented in Example 7. Highly effident transfection 
may be obtamed udng panicles of the invention which do not contain a targeting ligand and are 
therefore untargeted with respect to a spedfic cell type. Such particles are highly effident with 
respect to transfection where the ratio of positive/negative charges is greater than 1.25. 
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2) Overall Size 

It is prefisred according to the invention that the size^o within thc 

nuigeofSnmtoSOOnm. It has been found that the efficiency of uptake of the particle by a ceU 
dianiatieaDydeaeaseswhenthepaitidesizeisgrcaterthanSO^^ This is likely due to the size 
oftheendosomal pores in a given cell type. Particle size is measured by lasar Ught scattering or 
atomic force microscopy, or electron microscopy. Therefore, the size of a particle of the. 
invention will vary depending upon the cell type and the size of endosomal pores in a given ceU 
type. 

3) Ratio of nucleic acid condensing peptides/nucldc add molecules. 

A synthetic virus like particle according to the invention will have a ratio of the number 
of peptide/the number of nucleic add molecules in a partide that is within the range of 10/1 to 
1.000.000/1. This raUo will depend upon the relative sizes of the peptide and nucldc acid 
molecules, the degree of condensing activity of the peptide, and the degree of condensation that 
the nuddc add attains. More particularly, the range will be 100/1 -10.000/1 ; For example, for 
NBC2 in combination with an 8kb vector, a useful ratio for untargeted deUvery of the vector to 
cdlsisapproximatelySOOOil (rdative numbers of molecules): For NBC2 conjugated to insulin 
in combination with an 8kb veaor. a useful ratio for targeted ddiveiy of the vector to ceUs is 
approximatdy 1000:1 Where the nuddc acid is an oligonudeotide of. e.g.. 10-50 mideotides 
in length, the ratio of peptide/oligonudeotide is in the range of 0. 1-10.0 and is preferably 0.5-1 .0 

Formulation of Synthetic Virus Uke Particles of the Invention. 
1) Particle Preparation. 

A synthetic virus like partide cf the invention is formulated such that the nucldc acid and 
the peptide preparation are prepared in equal volumes of the same buffer. The nuddc add is 
agitated whDe the condensing peptide preparation is added at the rate of 0.1 volume per minute. 
The complex is left at room temperamre for at least 30 nunutes prior to addition to the target cdls 
and can be stored at 4"C. The partide is centrifuged to remove any aggregated material and then 
assayed for gene transfer. 

For use as a phaimaceutical reagent, it is preferred that the nucldc add/peptide complex, 
after it is left at room temperature for 30 minutes, is filtered through a sterile 0.2\i filter, e.g., a 
hydrophaic nylon membrane filter. Filtration of synthetic vims-like particles described herdn does 
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- not dgnificantly reduce yield, and in fact often results in 1 00% recovery of the partides. 

For eflSdentmiddc add transfo* to a target cell, it is critical that partides of the invention 
contain highly condensed nuddc add. The condensing properties of liucldc add condenang 
peptides usefiil in the invention are disclosed in detail herein. In order to assess whether nuddc 
acid condensation has occurred to a degree sufiEident to allow for effident gene transfer, a gd 
retardation assay may be performed vdilch assesses the ability of the peptides present in the 
particle to conddise nuddc add. The gel retardation assay is performed as follows. 

(i) Conjugates or peptides are assayed for thdr ability to condense DNA using the 
; following method: 

A concentration of nuddc add is sdected, for example 20, 30, or 40 Mg/ml and possibly 
50, 60, 70, or 100 Mg/ml, and prepared in a low salt buffer, e.g., 150 mM NaCl. 

In one embodiment, the required amount of DNA is made up to 20 //g/ml in 150 mM 
NaCl; 25 mM HCTES. pH 7.4, or in 0.6 M NaCl; 25 mM HEPES, pH 7.4 and aliquoted between 
wells on a multiwell plate. The amount of conjugate or peptide required to give poative 
chargerphosphate ratios of between 0.1 and 5.0 is calculated. This is made up to an equal volume 
to the DNA aliquots (0.05-0.5 ml) in dther 1 50 mM sodium chloride; 25 mM HEPES, pH 7,4 or 
0.6 M sodium chloride; 25 mM HEPES, pH 7.4. The plate containing the DNA is placed on a 
plate shaker and shakeii while the conjugate or peptide is added at a rate of 0. 1 volume per 
minute. After addhion of the condensing peptide is complete, the solution is incubated at room 
temperature for at least 30 minutes. A sample for each positive charge:phosphate ratio is 
subjected to dectrophoresis on an agarose gel. The gd is stained with ethidium bromide and 
visualized under UV light. Condensed DNA remains in the well of the gel and does not migrate 
in the dearie fidd. 

The ability of free NBC2 peptide and monoclonal antibody-NBC peptide conjugates to 
condense nucldc add is described in Example 4. 

(ii) Transfection Eflidency of Synthetic Virus Like Panicles of the Invention^ 
Synthetic virus fike particles are assayed for thdr ability to transfer genes into peripheral 

blood cells. For studies aimed at determining transfection eflidency, the plasmid DNA contains 
a marker gene for firefly hidferase. For pharmaceutical applications, the plasmid contains a gene 
v^se e>q)ression wiD have a beneficial therapeutic effect. The panicle is incubated with the blood 
cdls and the mixture may be subject to electroporation if desired. After a further incubation, the 
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cefls^lysed^Kia^assayedforgeneexpressi n. In the me of the ludferase^™^^^^^^^ 
and ATP are added to lysed ceUs andthe light emitted is measured >vithaIumh,ometer 
_ ^'«'^««^«^°»t»>««l«yofassaybycentrifugationatl2(W 
«™penm«. Tl« cenpeHet is resuspended in phosphate buff^ Thi^ 

operation is performed twice. The cell pellet is then suspended in RPMI 1640(GibcoLtd) to 
n»ke up a suspension of 2.7 X 10* C.I1S per ml..Tl,e cells are th«^ 

ml of RPMl medium added, followed by 0.04-0.08 ml of 1 mM fusogenic peptide or more 
: preferably 100 n^ chloroquine «,d finely 0.25 ml of DNA^omplex 
IS then allowed to proceed by incubating the cells at 37-C for 4 h. After this time the cells arc 
harvested by centrifiigation at 2000 rpm. The cells are then suspended in 1 ml of RPMI and 
re-centnfuged. Finally, the cells are suspended in 0.5 ml RPMI conuuning 10% foetal bovine 
semm. At this stage, if necessary, the ceUs are electroporated at 300 V and 250 ^ using 
conventional electroporation. 

Each 0.5 ml of tnmsfected cell suspension is transferred to a well of a 12 weU plastic 
culture plate containing > .5 ml ofRPMI 10-/. FBS. The original transfection tube is rinsed with 
a further 1 ml of medium and the wash transferred to the culture dish making a final volume of 

3 ml. TTk culture plate is then incuba.ed a, 37'C for 24-72 h ih an atmosphere of 5% CO, The 

comems of each wdl in the culn« dish are transferred to centrifuge tubes and the 

by centrifug«ion at 13.000 rpm. The pellet is resuspended in 0.12 ml of Lysis Buffer (100 mM 

sodium phosphate. pH 7.8. 8 mMMgCl, 1 mMEDTA; 1 V.Triton X- 100 a«l 15'/, glycerol) «,d 

«gmtted withapipette.Thelysa.eisce„trifugeda, 13.^ minute and the supenutant 

collected. 80 ^1 of the supernatant are transferred to a luminometer tube. The luciferase activity 

« then assayed using a Beithold Uimat L95P1 luminometer. The assay ^^b^^^ 

containing 10 mM Ludferin and 1 00 mM ATT. Ught produced by the luciferase is integrated over 

4 sec and is described as relative light units (RLU) The data are converted to RLU/ml of lysate. 
RLU/cell orRLU/mg protein (protein concentration of the lysate having been determined in this 
case by the BioRAD Lowiy assay. 

Transfection efficiencies of various synthetic virus Uke particles of dte invention into 
differed ceU lines are described in Examples 5. 6. 7. 9. 10. 13. and 15. 

2) Stoichiomeoy of Particle Formation: Formulation of Particles Comaining a Preselected 
Ratio of Functional Groups. 
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Where a synthetic virus like particle contains nucleic acid in combination with two 
different conden^g peptide preparations, for example, a first peptide preparation having a 
targeting ligand conjugated thereto and a second peptide preparation having a endosomal 
disruption peptide conjugated thereto, the particle is formulated by incubating the three 
components together, at a selected ratio, for 30 minutes to 24 hours at room temperature. The 
ratio of the components is selected depending upon the ratio of functional groups (in this example, 
the ratio of targeting Hgand/endosomal disruption peptide) desired in the particle. Thus, where 
it has been detennined that a given ratio of fiinctional groups is especially effective for transfection 
of a given cell type, the ratio of groups present in the virus like particle may be preselected based 
on stoichiometric addition to the formulation of peptides containing the functional groups. 

For example, where a selected functional group is a lipid, the amount of lipid present in 
the particle can be varied via stoichiometric addition of a lipid-conjugated peptide to the particle 
formulation. 

It will be appreciated according to the invention that the stoichiometry of particle 
formulation may be varied by combining peptide preparations wherein one or more functional 
groups are present on a single peptide or where a single functional group is present on a single 
peptide. Thus, in the former case, a peptide preparation may be added to a particle forming 
mbcture which delivers a ratio of 1/1 of the two functional groups present on the single peptide, 
or which delivers a ratio of 1/1/1 or 1/2/1 (etc.) of three functional groups present on a single 
peptide. In addition, a second preparation may be added to the particle forming mixture which 
delivers a second ratio of, e.g., third/fourth/fifth functional groups to the mixture. The skilled 
artisan will have preselected the relative ratios of these functional groups. 

Altemativdy, in the latter case, where each peptide contains a single functional group, the 
amount of each peptide added to the particle forming mixture will determine the stoichiometry 
of addition of the functional group that is conjugated to the peptide. 

Alternatively, the DNA may be condensed with a selected stoichiometry of condensing 
peptide, incubated for about 30 min, and then a second peptide containing a functional group is 
incubated with the condensed complex. 

3) Formulation of Synthetic Virus Like Particles of the Invention with a Neutral 
Hydrophilic Polymer. 

Synthetic Virus-like Particles of the invention may be treated with a neutral hydrophilic 
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polymer in oixler t fonn . more stable, smaller partide. uid to increase transfection efficiency. 
Such poiymoic molecules wU &I1 within the molecular weight range 1000 - 100.000; preferably 
within the molecular weight range 1 000 . 50.000; and most preferably within the iwge 5000 - 
10.000. Suchmolecdesaiemostusefiilaccordingtotheim^entioninaconcentrationinag^ 
fonnulation within the range 0.5»/. - lO.O"/.; preferably within the range 0.5% - 5.5%; and most 
preferabty within the range of 1% - 2%. 

A neutral hydrophilic polymer is used in this aspect of the imrention according to the 
following procedure for formulating a syntheUc virus Bke particle. 

A synthetic virus like particle is prepared by combining a selected condensing peptide with 
a selected amount of neutral hydrophilic polymer. If desired, a physiological f..e.. isotonic) level 
(e.g.. 0.15M) of salt is included at this step of the fonnulation. Nucleic acid is then added to the 
mixture, and the combination allowed to incubate at room temperature for at least 1 hour. The 
virus like particles will have assembled during this time. However, if desired, the mixture may be 
incubated for as long as 24-48 hours, or stored at a cool temperature (4C) overnight. 

The amount of neutral hydrophilic polymer and salt added to the mature during particle 
formulation may be deteimined as described in Example 12. and also using guidance provided in 
examples 5. 7. 13 and 15. and generally as follows. 

The particles may be prepared by combining 2 |ig condensing peptide per Mg DNA. at a 
DNA concentration of 100 ng/ml Differem concemrations of neutral hydrophilic polymer are 
chosen for testing, each at a selected salt concentration. For example, die concentrations of 
neutral hydroplulic polymer to be tested may be on the order of 0.5%. 1.0%. 1 .5%. 2.0%. 4.0% 

and 5.0%. and tiieseleaed salt concentrations may be 0.2M.0.4M,0.6M. 0.8M and l.OM. First, 
the peptide is comtrined with Uie neutral hydrophilic polymer and salt in 100 ^l of 25 mM HEPES 
buffer pH 7.4. 10 fig nucleic aicd is added in a small volume (several pi). The particles are 
allowed to form at room temperature for 1 hour before being stored at 4'C overnight and used 
for bioassay the following day. A preferred neutral hydrophilic polymer according to the 
invention is PEG. at a preferred concentration of 1^2%. A preferred sah is sodhmi chloride at a 
pre&ned concentration of approximately 0.4M 

The amount of nuddc add and salt to be used in partide formulation may be deteimined 
as follows. Several differem concentrations of nudeic acid are selected, for example, DNA 
concentrations (100 pgAnI, 250 pg/ml. 500 pg/ml. 750 jig/ml and 1000 jig/ml). each at different 
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salt concentrations (for example. 0.4M, 0.6M and 0.8M NaCI) Briefly, 20 ixg of peptide is 
mixed with a neutral hydrophilic polymer, for example. 2% PEG 8000. and the selected salt 
concentration in 25mM HEPES pH 7.4. The concentration of peptide is such as to allow for a 
final peptide concentration of 200, 500, 1000, 1500, or 2000 jig/ml after addition of DNA and 
peptide. 10 (ig DNA is then added to each mixture and mixed well. If desired, additional 
peptide, for example, in lipidated form, is added to the mixture. The mixtures are then left at 
room ten[^)erBture for 1 hour before being stored at 4**C overnight. The particles are then assayed 
for transfection efficiency the following day. 

At a salt concentration of 0.4M, the preferred nucleic add concentration for particle 
assembly is 100 |ig/ml or less. At higher concentrations of nucleic acid. 0.6MNaCl is optimal. 
The transfection efficiency of particles of the invention decreases above 500 |ig/ml DNA during 
particle formulation. 

The neutral hydrophilic polymer (e.g., Polyethylene glycol (PEG, mw range 2000- 1 5.000)) 
may be present at a concentration range of 1-10% (w/v) either (1) during formation of the 
synthetic virus like particle or (2) after formation of the particle and during dilution of the particle 
into transfection medium. The efficiency of transfection was found to be significantly increased 
by the presence of the neutral hydrophilic polymer. 

In Examples 5, 7, 12, 13 and 1 5, experimental results are presented showing transfeaion 
efficiencies of mammalian cells using a synthetic virus like particle formulation preparation 
containing a neutral hydrophilic polymer 

4) Formulation of Synthetic Virus Like Particles of the Invention in the Presence of Agents 
which Facilitate Endosomal Disruption. 

It has been found that increased transfection efficiency is obtained where the synthetic 
virus like particle is formulated in the presence of endosomal disruption agents, for example, fi-ee 
ftisogenic peptide or chloroquine. 

The efficiency of transfection using a synthetic virus like particle of the invention is 
dramatically U^ner when transfection occurs in the presence of an agent which perturbs endosome 
fimction. One such potent agent is the anti-malarial drug chloroquine. The action of chloroquine 
can be amplified by pre-tncubation of the synthetic virus like particles in a solution containing 
chloroquine prior to treatment of the cells (presumably by adsorption of this lipophilic molecule 
to the hydrophobic surface of the synthetic virus like particle). 
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Increased tnmsfection efficiency is observed when synthetic vims like piticles prepared 
in the presence of lipidaied peptide are pre^ncubated with chloioquinc before exposure to target 
ceUs. Transfection efficiency may be further increased by increasirig binding of chloroquine via 
elevation ofthelevdofUpophilicsubstituents in the synthetic virus like parti^^^^ The range f 
preincubation concentrations useful according to the invention are generally from 10 /.M to 
70inM. At tiie higher dosage, the maximum amount of chloroquine administered witii tiie 
synthetic virus Uke panicle in vivo should not exceed 3.5 mg/kg body weight. For ex vivo 
applications, the final concentration of chloroquine afler dilution from ti,e fonnulation is in d>e 
range of 50-200 ;/M. 

It has also been found that transfection effidcncy is increased by extending the time M^^^ 
to which the target cells are exposed to the synthetic vims Uke particle in the presence of 
chloroquine. This time period may be from 2 hours to as much as 24-48 hours, with the longer 
incubation times resulting in increased transfection efficiency in tiie presence of chloroquine. 

In Example 17. experiments are presented which demonstrated increased transfection 
efficiency using a synthetic virus like panicle prepared according to a novel procedure which 
includes preincubation of the synthetic vims Uke particle with chloroquine. 

5) Mgh Salt Formulation of Synthetic Vims Like Particles of the Inwntion. 

It has been discovered that increased transfection efficiency is obtained using a synthetic 
vims like panicle which is prepared according to a novel procedure which includes the use of a 
high salt fonnulation. "High" salt is defmed herein as being within the range of 0.5-1 OM salt; 
"low" salt is defined as being in the range of 0. 1 -0.2M salt. This procedure is as follows. 

Nucleic acid is made up to 90-120 ng/ml in 25 mM HEPES buffer containing 0.6.1.0M 
sodium chloride. Nucleic add condensing peptide is made up to an equivalent molarity in sodium 
chloride and the condensing peptide solution added to tiie nucleic acid solution witii rapid 
agitation at a rate of 0. 1 vol/min. The mixnire is then left for at least 30 minutes at 20* C and titen 
incubated for I.16h at 4» C prior to dilution to a concentration of 5 |ig/ml nucleic acid in RPMI 
medium (optionally containing albumin Img/ml. transfenin 50 ng/ml) and containing the 
endosome escape agents, fiisogenic peptide (20-100 ^M) or chloroquine (100-200 ^M ). 

For partide fi)nnularion which provides particles that are stable (wth respect to shelf Hfe. 
as described in Example 13). and have high effidency of transfection. as demonstrated in Example 
15. it is particulariy advantageous to prepare tiie partides by condensing tiie nucleic acid in high 
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salt (hypcrt nic) as described above, and then diluting this mixture in a low salt (isotonic) 
concentration (e.g., 0.1 5M) and adding a neutral hydrophilic polymer such as PEGr ' ' ^ 

6) High Salt Formulation of Synthetic Virus Like Particles of the invention Containing 
Lipidated Pq)tides. 

Traiisfecdon of manmialian cells using a synthetic virus Uke partide in which a lipidated 
nucleic acid condensing pq)tide is present, which particle was prepared according to a novel 
procedure which includes the use of a high salt formulation, as follows. 

Lipidated peptides useful according to the invention cannot be incorporated in the initial 
high salt fonnulation solutions described above when the DNA concentration is above about 250- 
300 Mg/ml. For example, when this was attempted using lipidated NBC2 (Lip2) at a DNA 
concentration of 400 ng/ml, the synthetic virus like particles produced exhibit minimal biological 
activity. Therefore, where a lipidated peptide is used in the synthetic virus like particle, the 
panicles must be formulated such that they retain biological aaivity. High salt formulation of 
such particles is performed as follows. 

Lipidated peptides are incorpprated into the RPMI dilution medium at a concentration of 
0-2 Mg/^g DNA, (absolute concentration 0-10 pg/ml) and the solution incubated.for at least 30 
minutes at 3T* C prior to transfection. Alternatively, the synthetic virus like particle is formulated 
in high salt, as described above, and the synthetic virus like particle incubated overnight at 4'*C 
before the lipidated peptide is added to the synthetic virus like particle from stock solution of 
Img/ml lipidated peptide in 25 mM Hepes buffer containing 0.15 M sodium chloride. 
Transfection cffidendes of particles containing lipidated peptides, which panicles are formulated 
in high salt, are described in Example 7. 

EXEMPLIFICATION 
Nuddc add condensing peptides of the invention are synthesized so as to achieve a high 
degree of homogeneity in the peptide preparation, both in terms of the polydispersion index and 
the addtti(Hi of functional groups. For example, where a peptide preparation consists of a sdected 
amino add sequence, care is taken during synthesis to ensure homogendty of the heteropeptide 
sequence by ensuring complete coupling to the growing peptide chain. Homogendty of the 
peptide prq)aradon also is ensured by protecting potentially reactive amino add side chains in the 
growing peptide. 
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Example I 



'•LNMWe|vftnriPinfi inpfhiBC)P.p ,|^.. 



NBCl 



NBC2 NH. 

PAAC(Acm)rCOOH 



NBC4 



NBC6 



NBC8 



NBC9 



tm,-i 

PAAC(Aca)-cooa 



»«,-KKSPKKAKKPAAKKSPKKAKKPATC(Acm)-, 



COOH 



; ( Aaa) -COOH 
ra»KKPJUTOPn»KKPAVC ( ACB) -COOH 

-C.. --'-^--KPAAKKSPKK^^^^^^^^_^^^ 

»«-kkspkk™aakksp.^^,^^^^^^^_^^^ 
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NBCI4 m,- llU^UUUUULKIUUJUU I JlK C-COOH 
1.2 Defined Coniupatffc 

These are conjugaies in which every chemical bond is a defined regio-spccif.c bond. 
1.2.1 Lipid Derivaiivei 

N-Palmityl derivatives of the corresponding NBC peptides are called Lipl, Lip2 etc. 
e.g. The structure of Lip2 is: . " 

CH,- (CH, -COHH-KPKAAKPKKPXKKRKVEKKSPKKAKK 

PAAC (Aca) -COOH 

The Cholesicryl derivatives an.- named after the coiresponding NBC pepudes. Choll. 
Choli: etc. e.g. The smioure of Chon2 (ChoI«-NBC12' (superscripts denote the site 
of derivatization) is: 




1 

O N-KKS PK KA•K^< PAA-K-K-S P KK AKK PA A K« S P*. K A K-K P A AC(Acm)COOH 
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1-2.2 Jnsuiin rnni,.^^^,^- 
insulin o 

s 
I 



InsII-.NBCM' has the following structure: 
Insulin o 

. s 

HpN--p«<.KK-K«.K^.KKK^<^.KK.KK.KC-COOH 



Insul,n-.Chol»'.NBCM"'has,hefoIlow,n. 



siruciure: 




N--K4<.KK.K4<.K4<X4<K4^.KkW^C^^ 
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The stniaurc of Mannosylated Lysine Dcndrimcr 



NBC12»)is: 



conjugated lo NBC12 (Man,Dcn2- 



HO, 



HO 




OH 




HO 



HO 



HO 



HO 



HN^S 
NH 



HO— < HO^ 



S 




HO — ^ HO O 




■ XT 



NH 




HO— ^ HO O 




H H 

fj T M ^P<i<5YC-COOH 

o 



0 



o o 
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Conjugates Man,Den5.NBCl2 flfwi 

the Lysine dendrimer b^kbonc. 1„ these c^ L -"'dues .o 

Broup Of N..e,.i„ai serine «sidue.,t^ "5" " ""^ ^ Mroxy, 

nocys..a.ei„.dopheny,Myr,.e,.nkerbeT^^ 

the dendnmer and the NBC peptide 

The .structure of Man4De„5-NBCI2 




GGY-N-N 



HN-NBC12 
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Exampfp 7 



covins w» «h«vcd «s»g . ,oluU«, of 20% !^r^ ""^ 

amino acid derivatives wttre u^^a « e ^ syninesis. The following 

Peptides were cleaved from ihe rcs.n us.np TFA/water/nh.„oiAK 
ethanedithioi (82 5- 5- 5- 5- ■> si ™ '^'^^""'phenolAh.oanisole/1.2- 

The combined filtrate and washines were r„„„«. "~ ■* TFa. 

reverse ptose hpic pookd .«1 lyophiltel c^^?^ ^ 
NBCI was then desalted by dissolving it in 0 7Smi «f i ■ 



wo 96/41606 



PCT/GB96«1396 



«*re taken eveiy 0.75ml and fraciibns 3-8 were combined and lyophiliied to give the 
fihaJ peptide. 

NBC2-NBGI4 were purified by preparative n> hplc. desalted by clution on a Sephadex 
G25 superfine column ( 1 .6x30cm) with I % aceUc acid in water. The resulting 
fractions were analysed by reverse phase hplc. pooled and lyophilised as above. 

When necessary, the acetamidomeihyl (Acm) thiol protecting group maybe removed 
using mercury (D) acetate in 30% acetic acid in water followed by piecipitauon of the 
mercury with 2-mercaptocthanoI. The resulting free thiol peptide can be purified using 
gel filtration to give the desired product. 
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&i,m,Mon of Poivd».n>^..;.r ^,. ii.,H „ ||| |„ , 

The polydispcrsion index is used 10 characieri7*th-™«»i . 

polymeric compound.. ^^^ht distribution of 



PDI = 



Where M^. .s .he weigh, average molecular weigh, and Af„ is the number average 

molecular weight. 

•n.. usual method for d,.ern.n.ng the we.ght average molecular weigh, of 

re, or 1.2. -n,, ^„ „ ^ ^ 

■nrasferMpeniiwilsreiKineiliiiiheliiOTiure. 

F«pn^U<»s.fl„wp.,ya,spc„i,,,te.pp™ch^^t.^^^ _^ 
electrospray mass spectrometry may be used. «c cases 

mass 4082.2) An aqueous solution of . mg/ mj peptide was pn^aied and the sample 
diluted tn a mixture of =.eton.tri.e:methoxyethanol:0..% trifluoiLuc acid "T 
cxpenmen. was performed on a VG Instruments Quattro II instrument fitted with a 
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^ quacfrbpbl analyser was calibrated with myoglobin and 10^1 aiiquois 
were injeaed direcUy into the instrument source. 

This techniqi« gives the exact mass and by integRuing the a«^ 

relative proportions of each component can be estimated. This enables the M„ 

and Polydispersion Index to be calculated. 



Z. n M- 



M. 



X. n. M 



In 



Integration of the peaks in the NBC9 spectrum gave the following illative areas: 

Mass Atea(n,) 
4212 

4084 4250 

r. .420 
4013 

3838 150 
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From this dau using the fofinulac above 
A^H' = 4070 

= 4067 
PDI =1.0008 
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ExamnIP 4 

A gstmblv Of SvnthPHr vir -t-tf.. ^ p«wi.i.e f^. 

Pctfrminntion «f Pff fr- r / r T'ffni 
4.1 Axsemblv and ON^ r»^^.^..,j^p 

The nucleic acid is made up .o 2(M00 ^g/mJ in .he buffer (usually 0.15 M .o 1 0 M 

up .0 an equal volume .o .he nucle.c acid soluuon in .he same buffer. -nTDNA is 
ag.u«ed moden..eIy while .he condensing agen. is added a. .he rate of 0. 1 volume per 
™nu.e.T^comp.exis.ef.a.room.empc™u.for«^ 

10 celJs and can be Stored ai4*'C. ^ 

nr,^ o"*"' '0 detennine .he r.la.ive 

DNA condensing acvity and .ransfecon eff.cency of nucleic acid condensing 
pcpndes disclosed here.„. Nucleic acid condensing pepudes which possess .he 
charac,er.M.cs of pep,.des of .he mven..on are .es.ed as described below for NBCl 7 
S. 9. and 10; i.e.. using .esi.ng parameters such as gel rcardauon and uansfeci.on ' ' 
efficiency. 

Figure 3 shows the comparanve gel re.arda,.on behavior of NBCl (31 positive 
Charged groups). NBC7 (.6 posit.vely charged groups). NBC8 (13 posiUvely Irge^ 
groups,. NBC9 (19 positive charged groups, and NBCIO (25 posiuve.y chalged 
groups,. 1 ^g aliquot of plasm.d RSVluc DNA f20Mg/ml ,n 150 mM NaCl in 25 mM 
HEPES.PH 7.4) were aliquo.ed imo a muit.-well plate (50 m volume). n,e amount of 

^chof .he pepddes required ,0 give posntve charge: phosphate ratios ofO 05 06 
0.8. 1.0. 1.2. 1.4. 1.6. 1.8. 2.0. 2.5. 3.0. 3.5 and 4.0 was calculated and made up to 

50HI m 150 mM sodium chloride: 25 mM HEPES. pH 7.4. The plate conuuning rht 
DNA was placed on a plate shaker and shaken whils. a« pepude solution was added .o 
the DNA a. a rate of Sniper minute. After addition of the condensing agent is 
complete, the solution Was incubated at room temperature for at least 30 minutes A 
sample for each positive charge: phosphate ratio is electrophoresed on a sumdard 1% 
TAE agarose gel. Hie gel was stained with ethidium bromide and visualized under UV 
light. Conder:sed DNA remains in Uk well of ti« gel and does no. migra.e in tht 
eleciric field. 
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Cell lines such as Jurkat anrf V ^ftn 

temperature The ceU neiUi « , ^ \. « 1200 ipm for 5 nun at room 

ure. I ne ceu peUet is resuspended m phosphate buffered saline anH r. 
centnfuged. TTus openuion is performed twice. The cell pelletTr T 
I^MI 1640(GibcoU^,.oma.eupasuspensiI!on^^^^^^^^^ 
arethenaliquotedintotubesand075mlofRPMl™H * "^"'"^ I*^ Tl« cells 
0 08ml of 100n,M rh. by 0.04 - 

0.08ml of lOOmM Chloroqu.ne and finally 0.25ml of DNA-complex soluUon The 

t^sf^Uonisthenallowedtoproceedhyincuha^ 

time the cells are harvested by centrifugaUon at 2000n,m TK .. 
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and U« wash uansfcncd .0 U« cuhurc dish „^„g a final VO.U.C of 3:ni. The cul^^^^^ 
plate is then incubated a, 37-C for 24.90h in an atmosphere of 5% CO,. The contents 
of each well in the culture dish a« transfer 

n^M r"^''^'" The pellet is .suspended in 0.12.1 Of Lysis Buffer 
( lOOmM 50d,um phosphate. pH 7.8: 8mM magnesiun, chloride. ln,M EDTA 1% 

Traon X-100 and 15% glycerol) and agitated with a pipette. The lysate is ccntrifuged a, 
nOOOrpmforl minuteandthesuperna.an.collected.80M]ofthesupermtant are 

|ransfe,Ted ,0 a lununometer tube. The luciferase activity is then assayed using a 
Berthe d Umat L9501 lununometer. The assay buffer use^ 

lOrrtM Lucfenn and lOOmM ATP. Ligh, produced by the luciferase is integrated over 
4s and .s described as relative light units (RLU). The data are converted to RLU / of 

iysate.lU.U/cel.orRLU/.gpro.e.n(pro.einconcentrationofthelysatehavin^ 
deiermined in this case by the BioRAD Lowiy assay. 

4.:. 2. Assay for Transgene Expression Using Adherent Cells. 

The method can be modifted for adheren, cells such as the hepatic carcinoma cell line 
HepG.. Cells were plated 24h pnor to transfect.on in 6-well tissue culture plates at a 
density of 1-2 x 10' per well in comple.c medium (MEM (with Earle's salts) + 1% non- 
essential amino acids + .10% foetal calf serum). Transfection was carried out by 
aspiratrng the culture medium and wa.shinp the cells with phosphate buffered saline 
Complex (50^g/mlDNA) is layered omo the cell monolayer in a imlfmal volume ' 
containing 2.5Mg DNA and 1 2(v,M chloroquinc m RPMI supplemented with human 
albumin ( 1 mg/ml ) and human transferrin , 50Mg/ml ).The transfection is then allowed 

to proceed by incubating the cells at 37-C for 4h. after which the transfection complex 
was removed, the cells washed with PBS and completed medium added prior to 
incubation at 37»C for 24-72h in an atmosphere of 5% €02. 
The cells were then harvested using trypsin to detach the cells. After addition of 
medium containing scnm, to inactivate the trypsin, cells were pelleted by ccntrifugation 
at 13.000 rpm. The cells were tiien suspended in Iml of PBS and re-centrifuged 
Thepelle.wasresuspendedin200nl of Lysis Buffer (100mM«Kiium phosphate pH 
7.8: 8mM Mga2. ImM EDTA; 1% Triton X-100:15% glycerol; O.SmM PMSF a^d 1 
mM Dtthiothreitol) and agiuted with a pipene. The lysate is ceimifuged at 13.000 rpm 
fori mmuteand UK supemaunt collected. 80ml of thesupematant are ttansfentd to a 
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luminomeier. The assay buffer us«i ic 1 1 k « '""'8 » Benhold Lumat L950I 
dcscribcdas^lauve^g LTnlTrTilt^^ 

-i^^cTr srr;r rrr„r:°" r - 
0,*. ,„ z 'rr 

Si.- to high te.=,s „,™>,„,.„ c„ b. ohL^ h, i^L,. * 
30m.n before ma«,g w„h , , lo- ,„,i„ 

cells eoU=c«d. wished ,„ 25 h*. Hep.. 0 85 " "» 

».u.,.«,onuc»«.„p„„„„,l-::::^~'-pH r< 
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Example j; 



^^^^^ -- ■ >k.BKiiii. w mmw mTn ltd 



different NBC condensation peptide, or poly-L-lysine. pRSVLuc DNA at a 
concentration of lOOng/n. was condensed using pepUde at a nUo of 2Mg/^g plasmid 

DNA as describedi„Exan,ple4withthefonowi„g<fcviauon: prior to addition to 
cells fJuricatcelHine) the complexes we. diluted to 20^g/ny with J0% PEG 10000 

These results are shown .n F.gure 5 Under these cond.uons all .he peptides of low 
polyd.spers.ty .ndud.ng NBC,4 ,3 synthet.c poly-L-lysine of defined st^cure) were 
s.pn.ncan.ly better transfect.on agents than the polydisperse poly-L-lysine. 

F.gure 6a shows the result.^ of a s.milar experiment. All condiUons were idenUcal .0 the 
prcvous example except tha, .n .h.s case the DNA was co<onde«ed with 0.6^gLipl3 
r^, DNA prior .0 dilufoh. Aga.n s.gn.f.camly higher transfection rates were observed 
.n all combinations apan from those containing poly-L-lysine. Figure 6b shows a 
s:m,lar comparison of data us.ng NBCl . NBC8. NBC9 and NBCIO as condensine 
pepiides: . ^ 
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Examply 4. 

6.1.1 conmp^^p f^vrhnh 

6.U.. Go„Juga..o„ofMo„oc.o„a.A„Ubody .CNBC. Via U,c^^^ 

Cell urgciing components such as monoclonal antibodies n»v 
nucleicacidco„de.i„g^,,,,,,,^.„^.„^^ ™^ -^-««ed .o a 

TT,e Carbohydrate groups present on the monoclonal anUbodv « h . 
usmg penodic acid to produce nsacuve aldehyde grouns «enl T 
Chemi. 254 4359 (1979, , Th, „■ . ^ ^ ^' ""^ ^^"^ ^ ^iol. 

'♦Jay ( 1 979) ) . The oxidized antibody is then reacted «,ifi. 
present on the NBC ncDiiri^ tk;, . »«cn reacted with amino groups 

give the suble amine. ""^ «>a>um borohydnde to 

Am..CD7 anubody (SO mg a. 5 mg/ml) in 25 mM sodium aceute nH . n 

r=::r ^^^^^ 

temperature for a funher four hours Mr.„ ax- *' 
wuc, niM HfcPES, pH 7.9, in 12k molcclular weiffht r..t r.fT ^ u ^ 

col.™ wio, 5 of ^ »JbZ^^i^ 7 •»» 
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6.I.I.2 Conjugation of Monoclonal Antibody toNBC2 via a Hydrazonc and Disulfide 
Linkage 

To 20 mg aiiU-CD33 anUbody in 25 mJ 25 mM sodium acetate. pH 5.0. sodium 
penodate was added ,o a fmal coneentration of 10 mm. After 3 h at room temperature 
theanubody wa.s de.sahed by gel f.Uraiion using 25 mM sodium acetate. 0.5 M NaCl! 
pH 5.0. as running buffer. To the pooled protein fractions weie added 5 mg (22 Mmol) 
3 - (2 -pyridyldithio) propionyl hydrazide (PDPH) dissolved in 50 jil DMSO. After 1 h 
at room temperature the aniibody-PDPH was purified by Sephadex G-25 gel filtration 
u.smg 25 mM HEPES. 0.5 M NaCI. pH 7.9. as mnning buffer. Th. protein fhtcuons 
were pooled and stored a. 4-C NBC.2-SH (5 mgAnl) was reduced with dithiothreitol 
(diihiothrcitol) and purified by gel filtration using 25 mM HEPES. 0.5 M NaCl pH 
7.9. as running buffer. A total of 250 nmol NBC2 (as determined using an EUman's 
lesi) were added to the antibody-PDPH and the soluuon was left for 16 b at room 
temperature. The concentration ofNaCI was adjusted to 0.15 M before the 
ant.body.NBC2 conjugate was purified by cation exchaige on SP Scpharose using 
NaCi gradiem of 0.15- 3 M. The separation obtained is shown in Fig. 4. Tlie crude 
coniugate was applied to the column |S-Sepharose Fast Flow) on 0.15 M NaQ and 
eluied with a 0.15- 3 M linear gradient of NaCl. IT* conjugate peak eluted ai 
approximately IM NaCl. The protein peak was pooled and dialyzcd against 0.02 M 
HEPES buffer. 0. 15 M sodium chloride buffer. pH 7.2. 

6. 1 . 1 .3 Conjugation of Monoclonal Antibodies to NBC2 via a Hydrazone and 
Thioether Linkage 

To 20 mg ami-CD33 antibody in 2.5 ml of 25mM sodium acetate. pH 5.0. 
.sodium penodate was added to a final concentration of 10 mM. After 3 h at room 
temperature in the dark, the antibody was desalted by gel fUtmion using 25 mM sodium 
acetate. 0.5 M NaQ. pH 5.0. as mnning buffer. To the pooled piDtein ftacuons were 
added 5 mg (22 nmol) 3-(2-pyridyldithio)propionyl hydrazide (PDPH) dissolved in 50 
\il DMSO. After 1 h at room temperature the reduced antibody-PDPH was purified by 
Sephadex G-25 gel filtration using 25 mM HEPES. 0.5 M NaCl. pH 7.9. as ninning 
buffer. The protein fractions were pooled and stoied at 4'*C. 

The derivatized antibody was reduced with cysteine and purified by gel fUtraUon 
using 25 mM HEPES. 0.5 M NaCl. pH 7.9. as rumiing buffer. The fractions were 
pooled and the concenuation of thiol groups determined using an EUman's test. A 2 
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mg/n.) added .oa^anUbody-PDPH and a^soluuon was If ^.^^^ 
temperature. The concentnuion of NaCI wa. J ^ '6 h ai room 

anubody-NBC2co„j„g^^^ ? ^J'"'"' «° 0 »5 M before tt« 

NaCUrad.emoro./3^M"T:et^:;r:ast^ 

■«l »» coojujae srart a 4.C ""I ■!« Pool aertle OImoI 

t~*^''^"»--Mron„j;ct:^^ . „« 

■he pcptidt WB complttta o, N.i.™,..i c **"*««X»t«sls of 

.d .e .p.: .a.- 

Punncanon of the peptide by gel n.uauon on SephadeTc's fl!!^: 

reverse phase hplc gave the des.red product. ''^ P"'^"^ 

■Hit peptide may then be treated with ■> h 
hydroxysucc>nimidylesterwa.er,oc,vctheNnh acid N- 

o> iJgand cm/ ttr Conjugation to NBC2 
To 20 mg ami^33 antibodv m 2 5 ml 25 mM c^- 

«mp«™„« m llie (tot mubody w., dssaliti hv »i r,_ " 
-.«,0.5M Naa pH . L.^^^l^ '^'^l"^''^ 

5 ^ Of p^de ,™„ , p„v^, Lanp,^^ ^ Z^^T" 
coni-ta,. was ^ ^ ^, „,„,^ ^ X^^ IT 

.-ro™„f.sc,w„...„.„,_,„t::-----^^^^^ 
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left for I6h ai room temperature. The concentration of NaCI-was adjusted to 0.15 M 
before the clustered antibody-NBC2 conjugate Wai purified by caUbn-exchange on SP 
Sepharose using a NaCI gradient of 0.15- 3 m: The protein peak was pooled and the 
pool sterile fliiercd and the conjugate stored at 4''C. 



6.1.2 Targeted Gene Transfer Using Monoclonal Antibody Ugand Directed Gene 
Complexes 

Examples of transfection efficiency arc shown in Figs. 9-14. These figures are 
hi-stograms showing the relative activity of luciferase in lysates derived from cells 
transfecied with plasmid DNA containing the luciferase gene under the control of the 
RSV promoter. There is no endogenous luciferase activity in any of the ceU lines or 
primary cells used. 

Fig. 9 shows that gene transfen to myeloid ceUs can be targeted using an 
anti-CD33 complex in which the DNA is condensed with anU-CD33-NBCI conjugate 
in a dose dependent manner. The anti.CD33-NBCl conjugate was synthesized as 
described in Example 6.1.1.1. Thi.s expcrimem shows the effect of complex 
concemration on gene transfer. At 2.5jig/inl DNA complexed with unconjugated NBC2 
no gene transfer was observed. As the amount of complex added to the cells is 
increased the level of luciferase (transfection) increases to a maximum of 1-2 jig/DNA 
conriplex/1 X \Cf cells. Fig. 10 shows that the overall loading ratio of the plasmid with 
cor^jugate is important for activity with lower activity associated with complex prepared 
with an excess of conjugate. Anti-CD3.i-NBCl complex was prepared such that the 
ratio of conjugate to DNA remained constant but the amount of unconjugated NBC2 
wa.s varied to give total caiionic:phosphatc ratios of 0.5 to 2.0. 

Cell targeting is specific, as shown by the observation that cells treated with free 
and competing imconjugated anii-CD33 antibody have reduced levels of transfection 
when exposed to complexes formed using anti.CD33-NBCl (prepared as described in 
Example 6.1.1.1) in the standard assay system (Fig. 1 1). and by the .fact that no gene 
transfer is observed when cells arc exposed to DNA condensed with unconjugated 
NBC2 (Fig 4(a)). In the competition experiment (Fig. 11). the standard assay described 
above was used except that the cells were incubated for Ih at iTC with anU-CD33 
antibody at the given conccntratioas just prior to addition of the synthetic virus like 
particle. The synthetic virus like particle was then added as normal and incubaUon 
conUnued for a further 3 h at 37'C. The presence of free antibody reduces the level of 
transfection presumably by preferentially interacting with th (3533 receptor. 
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With various pn>po„io„s of^uSv ^ra^^ 

Example 6...U, 3«.„„co„JugaJ^^B« T^^^^^ ''^'^ ^ "^"^ ^ 

Shows .ha. When 25* or .he condL.. rjvVI:"' 
nucleic acid and a„.i-CD7/pep.ide coniuga.e LT 'IITT^" 
. Tanslccuoncfnciencyisobuuncd: ' "'^ , by free NBC2 maximal 

Figure 13 shows the (ime course of expression r,iu 

conjuga.e prepared as described m ExZe 6 M """^^^ 
Example 4 excep„ha. the celK we, .r r ""'^^ ^ 

analys-soflucifLee^^rlst^^^^^ 

Insulin T:.rp>,.f| r-nrinn fu 

' Svnihe.Uf^f|n^, j|,n«'.|^p^p. 
6.2. 1 . 1 Funcionalizaiion of Insulm 

With » ™„„, ,„J„ ,''^J™f 

<»« 25n>» «h , now „,e ,f 4™uto i^t, ™ il'. ™' ' 
2 7 R. n 'jk* ■•"u-fnun ^A.u.JM ammonium sulohate nH 

m«l. ,0 *. pH or*, diluted „,u„o„. Tl„ L" <ZL . ^ 
i»sul» judged by ,u.»,ue„, el^uospnylTZTr^ ^ 
desalted on a d™.hu r-K u . spcctrometiy) was collected and 

sajtetj on a double Chromabond equilibrated in 0.1% TFA The h ^ 
obtained in such rMrtin^c i. ita. The dj-denvaiive 
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n^ified protein after ovc^gh,^ ^ j„ ^ ^ ^ 

valtdatton that .he B^hatn contained only a singie „«.Hy..^^^^^^^ 
(calcd.. m/z 3547.8: found n,z, 3549.6 ± 0.4). 50mg methylsuIphonyloxycartK,nyl2- 
.nsulin wc« thcj. dissolved in InU. N-methyl-pyrrolidone ^ reacted with a 10-fo.d 
molar excess of Boc-AoA-OSu (symhesired acconling ,o Vilaseca et al (,993, 
Bioconjugate Chem. 4 5.5-520). in the presence of equimolar amounts of HOBT J 
sufncen, N-e.hyln,o,phoI.„e. ... b„np the pH. as ind.cated using ™..st pH p.per .0 
approx,matey.. After ,h incubation a, roon, temperature, the .eaction m^^uiTwas 
ac.d,r.ed and diluted with 0.1%TFA, and the derivatizcd insulin isolated by semi- 
preparative HPLC on a C8 column equilibrated in 0.1% TTA. using a 35^5% gradient 
(same eluants as described above) over 20min. The methylsulphonyloxycarbonyl 
groups were then cleaved under standard conditions and the material repurif.ed on the 
C8 column using a 35-40% gradient over 20mins. m n„al compound. Boc-AoA- 
■nsulm. was characterized by elecrospray mass spectrometry (calcd. m/z 5950.6: found 
m/z 5948.1 ±0.1) and wa.. deprotected by TTA treatment (30 minutes a. room 
temperature) just before conjugation to NBC14. 

6.2.1.2 Conjugation of Insulin"-NBCI4' Conjugate 

The Cys-protected peptide wa.s oxidized as follows. The peptide was dissolved in 50 
mM imidazole (CI), pH 6.9 a. a concentration of 10 mg/mL. and 0.2M methionine m 
water was added (as an anti-oxidani scavenger), a lO-fold molar excess over peptide 
Then 50mM sodium perioda.e wa.s added to a f.ve-fold molar excess over peptide and 
the solution allowed .0 stand m the dark for 5 minutes a. room temperature, the mixture 
was punned by semi-prepara,.ve HPLC on a C8 column using a gradient of 10% to 

60%solventBover25minwhere.solvem A.sO.I%(w/v)aqueousTFAandSolvent B 
IS TFA/ Acetonitrile-TFA-waier 900: 1 : 1 00 ( VAV/V). The isolated oxidized peptide was 
dissolved into a solution of 5mg of the AoA-insulin derivative (an approx 2-fold molar 
excess of pepude over insulin) made up in 0.5mL 0.1M sodium acetate buffer to which 
had been added 50 ML acetonitriie. followed by adjustment to pH 3.8 (glass elctrode) 
with glacial acetic acid. 

The conjugate was isolated after 15h incubation at room temperature and characterized 
by electrospray mass spectrometry (calculated, m/z 8426. 1 . found m/z 8429.3 ± 0.5). 
4mg of materiaJ were isolated by semi-preparative HPLC with a 30^5 % gradient from 
the bulk of the rcaaion mixture. The peak fraction was dried down in a SpeedVac 
vacuum centrifuge. The final yield was 4mg of conjugate 
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Insulin (des""'I„s„li,".NBCI<' AMto|„of 
Mi».«n*H™i„..,,,..,,^3^.3,^,^^^^^^^^ 

70n,8 of .n».,n «.„ ,„ , „^ ^^^^ , 

over 40™-,. 38a,8 of «<«»»8«l.=n. 

N-hydroxysuccinimidc csier ( Tcsscr 1 1Q7^1 p-..,.^ 

«lecmspny mass speclrenieuy 4,38). mass otetnrtdb, 
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Periodate oxidized NBCI4 was prepared as described in Example 6.2.1.2.4mgof ihis 
maierial were mixed with 4mg of des-insuiin derivative in 4d6nl of 0. IM sodium 
acetate buffer conuining 20% acetonitrile. pH 3.6. After 15h incubation at room 
temperature the conjugate was isolated by preparative hplc using a 1cm diameter C8 
column and a 30-35 % gradient of acetonitrile solvent (using Solvent A and Solvent B 
as described above). The recovered material (3.2mg) was chaiactcrized by clectrospray 
mass spectrometry (calculated mass 7465 / observed mass 7462). 

6.2.3 Preparation of Insulin-Poly-L-Lysinc 

This conjugate was prepared according to the protocol described by BimsUel et al 
(Meth Enzymol. 1993. 217. 618-644) for human transferrin-poly-L-lysine conjugate 
con.struction. with some slight modifications. 

N-succin.midyl 3-(2-pyndyldithio) propionate (SPDP) was reacted separately with both 
insulm and commercial poly-L-Lysmc The two derivatives were mixed after reduction 
of the 2-pyridyl disulphide group in modified poly-L-lysine. 



20mg Zn-free insulin (3.5fimol) was solubilized in 200jiL of IM NiaHCO,. 
diluted with 800nL DMF and reacted w,th 2.2mg (7.0nmol) SPDP dissolved in lOOpL 
DMF After Ih incubation ai room temperature, the mixture was acidified to pH 3.0 
and subjeacd lo semi-preparaiivc HPLC on a C8 column equilibrated in 0.1% TFA 
using a 30^5%B gradient over 15min. with a flow rate of 4mUmin. The main 
denvative which wa.-; isolated (llmg) is the di -substituted bis (dithio-pyridine- 
propionyD-insulin as judged by subiwquent ESI-MS (calcd. m/z 6172.4. found mfe 
6 1 70.8+. 1.7). 

20mg poIy.L-lysine (MW 52.500. 0.38nmol) from Sigma dissolved in 1.9mL 
O.IM HEPES buffer pH 7.9 wa.s reacted with 3-molar excess of SPDP (1.14^mol 
dissolved in ethanol). After 30 min incubation the solution was acidified with 200fiL 
IM sodium acetate. pH4.6 and the modified polymer purified on a Pharmacia fast 
desalting column equilibrated in 20mM sodium acetate pH 5.0. The degree of 
substitution, was estimated at 4.3iimol dithiopyridine/»imol poly-lysine accoiding to the 
amount of pyridine 2-thione released from an aliquot of material in the presence of 
50mM DTT. PMSF (5mM. final c nc ntration) was added as a piecaution against 
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protease conuminaiion and the sohifmo ^ 

30m.n. the soluuon was acidified with IM " buffer. pH7.9. After 

^ I J « «"aiiiea witti iM sodium acetate nH ii « j 

related on the fast desalting column under the « . " ™^ 

and concentrated. ^ ""^"O" described previously 

O-ISMmol of the thiol propionate (-SH) fom, of tx,lv L i„ 

or3:(2-pyridy, dithio,- p.p,o„yl i„su„„ a^^^ t J ^aTus^r ,T " ^'^^^ 
PH7.9. Af.cr.hi„cuha..o„.heconjuga.e was;^.^^^^^^^^ ''^ "^"HS. 

.2 column equilibrated .„ 20mM sod.um ^^r^mZoTTrZ' '""'^^ 
corresponding to the fitst peak eluted from the column was 'J^^ T"'^'' 

aceuc acid and water and finally freezeKlriedTuI ^^"^ 
corresponded to the material named InsiXK^ -"Plc 

6.2 4 Targeted Gene Transfer using lnsul,n-NBC,4 Conjugates 

Th, msuhn receptor targeted synthetic v,rus like panicles we« a.^K, . • 

amino acids + 10% foetal calf n.m . t / non^sscnual 

mcobata, « 37^: fo, 24.7a, m „ „„„pte„ „,5^ C02. 

The pellet was rcsuspended in 200m of lysis bufT-r finOmM ^ ^"""8«J. 
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mMD,th.othrci,ol)andagiu.cdw 

for i minute and the supcmaumi collccied SOml of the su^ 

ununometertubc. TTk lucifen^e activity is then assayed using a Benhold Luma. L9501 
0 ^-tTm JIL' buffercontaining O.OlmM Luciferin and 
0.(M375.mM ATP. Ught produced by the lucifenise is integrated over 4sec 
descnbed as relative light units (RLU). The data are converted to RLU / ml of lysate 

RLU/cell or RLU/tng protein (protein conceniration of the lysate having been 
dcicrmincd in this case by the BioRAD Lowry assay). 



Figure 14 shows the relative transfection potency of defined insulin-NBC 1 4 conjugates 
and a defined conjugate of a non-receptor binding insulin analogue (dcs »»■" Insulin 
NBCI4) and insulin conjuga.es ofpoly-L-Lysine prepared by Ae approach of Bimsuel 
eual. he a,. These results show , ha. targeung ,s specific and depends on the presence 
of an insulin conjugate which is able to recognize the receptor (InsI.NBCM is acuve 

whilst de., l„sul.n-^mCI4 is totally inactive). Moreover sigmficant transf^^^^ 
efficiency ,s dependent on precisely defined insulin-polycation conjugates as Insulin- 

NBCI4 based gene deliven , s at least 2 orders of nugniWde higher . 
analogous msulm-poly-L-Lysine based dehveo'. The greaUy reduced activity of the 
.nsul,n,poly-L-lys.ne IS due to largely to the poor transfeciion piopcnies of poly-L- 
lysine. Insulin has 3 amino groups available for conjugation. In the defined NBC14 
conjugates only one of these ammo groups is u..ed. Therefore, if conjugation via the 
other ammo groups results in diminished receptor binding, it would be expected that the 
insuhn-poly-L-Lysine conjugate., would support up to 1/3 activity of the defined 

conjugates (the chemistry used to prepare the latter IS ran.^om but gn>up specific for 
amino groups). As the activi.y of these random conjugates is less than two orders of 
magnitude lower than the Insulin-NBC U conjugates the additional loss in activity must 
be due to the inferior properties of polydisperse poly-L-Lysine polymers as transfection 
agents. 

That delivery is targeted is shown tn Figure 15 where addition of free insuUn during the 

transfeaion process in the standard assay led to diminished gene transfection. It is 
inferred from this data that the presence of free unconjugated insulin can compete for 
the insulin receptor and thereby reduce the amount of insuUn-targeted delivery particle 
taken up by the cells. 
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/lc»Ji8s. 97-105 (198911 »»hc, |B„„1,„„, 

was ...... :jir:r:rrr" 

MPIC. The nuxu.« was ich a, „x,n, .c.pcn««c foM bell T"' 
nitraiioo using 25 mM Hcpcs. 1.5 M NaCrT^o " """"" ^' 

mchod fRoby.. JF and Wh«c. BJ (1987) B^^' f '"°'-^"'P»>"nc acid 

BrooKs,Co.c.Califon,.a.,. and qualLv^^^^ ^'"'^ 
nmhydnn Tte mannosylated NBCrr ^"P"""^*™"* content usmg a 

6.3.2. Use Of Clustered Glycosy. Dcrnanves as Ligands for Targeu^^ 
RafonaJe for the design of glycosylated dendnmenc ligands. 

Glycosy I moieties may be clustered bv the use of branched «*«k ^ 

synthetic origin. Altcnuttivelv .he..e groups m^^^ ^^e^^^ " 

amino acid backbone (dendrimer... ™* """^^^'"^ ' 

The glycosylated dendrimeiic mo.et.es described in this secuon an= based o„ « 

des.g„ofaligat,d*au When conjugated toan NBC pepuTv^Ugiv^^ 
on^^Udetoeit^^U^bepatocyteas.^^^^^^ 

n-mphagemannosc«:ep.or(MMR,The.ypeofmo«»^ 
s«ftheH^dwindependon^ 

« based on a constdcnuton of the btnding requi«ments of U« ASGPR «d the 
asKts these receptorsUtat are Of pnmao interest foruse in gene t^'rg^^^^^^ 

The literal,™ states that ligands which ptesent several (i.e three or mom) 

monosaccharide units clustered together with thripn««-^ 

ogcmer with their non-reducmg ends exposed generally 
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Lc nLTr ' '° "^""""^ '"^'''' "^ ^^"^ and MMR (Lee and 

Uc ,987>G.ycoconj^^^^^ « <'«>^> Adv. D™g Del. Rev 

^ .-24). such hgands bind with .o. afn„i,y than corresponding .igands pLming 

rSGPR^ r^^^^ S.udiLnU,e 
the! H "^""^ (- .em^ Of binding affinity, are 

r -T"'" T?' "^''--''^'^ «P-ed by an average dilTc 

of LSnn^Theorenca. calculation.. uM„p"Hype^^^ 

mono«.cchar.dc umu .uch as those excmpl.f.ed .n the Man4Den2 (see below, 
~„s arc between 0.8 and 2.5 no, apan. ,n addiuon. Lee and Lee ( ,987) describe • 
the opttnul Lgand for the ASGPR as having three galactose terminal residues with a 
triangular configuration, having mtersite distances of 1.5. 2.2 and 2 5 nm It is 
proposed that the flexibility and the imcr-sne distances of the monosaccharides present 
on the hgands exemplif.ed arc such as to allow our ligands to f.t this criteria. 

The binding requirements of the MMR have no. been invesugatcd as thoroughly as 

loT M JtP " ' """"^ .risaccharides. which bind well 

.otheMMR.presentn,onosacchar.de.. wKhintersitedistancesofbetween I0and30 
nm. Again. It IS proposed that the hgands exemplified fit such criteria. 



6-3.2.1 Preparation of Mannowlaied Lysine Dendrimer 

The 2nd generation lysine dendnmer (Dcn2 (Lvs,,-Gly.Gly.Tyr.Cys] was 
.^vnthestsed using a Millipore 9050 Plus Pepsymhesiser nmning in extended cycle 

with 20 % Pipendme m dimethylfomiam.dc S.art.ng from Fmoc-Cys(Tn)-0-PEG-PS 

resin, and with a four-old excess of act. vated ammo acid to free amine group the 
pcpude was synthesised sequentially using the following amino acid derivatives: Fmoc- 

0(rm-bt«yl).,yrosine: Fmoc-glycine. d-Fmoc-lysine and Fmoc-N'-ren-butoxycarbonyl 
lysine^Afier the final coupling had finished the N-terminal Fmoc groups were removed 
using 20% piperidine in dimethylfoimamide. 

The pepUde was cleaved from the dried resin using reagent K (TFA water 
phenoLthioanisolcU-ethanedithiol: 82.5:5:5:5:2.5) and purified by ion-exchange (SP- 

scpharosc)and reverse phase hp!c. 
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H«=«Hirc. mc pepude was purified by hplc. 

'0mg(,2^nK.I),yophi..scdpcpudcwercdissoKcdi„.„,^^ 

horaic. pH 9 0 The nH . «"n i ml of 1.1 acctonitrilc: O.IM 

wasJadd^r^^^^^^^ 

37'C for 16 h. ^ n,an„osyla,io„ was left .o proceed a, 

TT'Mh.o,ofthemannosyla,edpcp.idcwas,cducedbyaddi„.20 .• 
The peptide was then purified by high 

resolution eel f 1 ^ <l"hiothrcitol. 

By using appropriate specrophoiomeiric assays the m,n„« . \ 
dcernuned to possess, on average. be.weenTl 4 ^^'^^ 
molecule. ^ " ^ "^"o^ groups per peptide 

6.j.:.2 ^°"J"F«>onofMannosvlaiedlVnH,i-. . 

/I I ^ in 1,0ml 50 mM imidazole nH ft o . 
the addition of 0^0 mJ 0 1 M OH ^ ' ''^^^'^^^ 

NBC12 w« oWn«i. ''"P*"^" 30.0 m, oxidis,^ 

' * -cue .cid. PH 4.7. T„ p.p,id. .^1^2 ^ """""^ " 
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1 .0 ml 50% acctonitrile/waier containing 3^ Mmol of pcpUde (as detennincd by thiol . 
analysis) was added to 5.0 mg (1.1 junol) MAL-NBCH in 0.1 M HEPES. pH 7.5. 
containing 20% acctonitrilc. Alter 2 h incubation « room temperature the material was 
punfied by reverse phase preparative HPLC and immediau^ly lyophilised. The peptide 



constmct was named Man<Den2-NBei2'. 



6.3..1 Preparation of Mannosylated Lysine Dendrimer- NBC12 Gonjugatc 
Man,DEN5-NBC12' 



Man.Den5-NfBC12 is a mannosylated dcndnmer derivative of NBC-I2 similar in 
stmcure of Man,Den2.NBCI2'. In th.s case however the mannosyl side chams are 
introduced usmg solid phase peptide synthesis coupling methods with the tetra-o-acetyl- 
mannose-a-Fmoc-Serinc derivative 



The peptide dendrimers were synthesised using a Millipore 9050 Plus Pepsynthes 
as described above except that Fmoc-N-.ier/.butoxycarbonyl lysine was replaced by di- 



esizcr 



Fmoc-lysine. 

With the peptides on the res.n. the four Fmoc-pro.eaed amine groups were deproteaed 
using 20% piperidine in d.meihylforTnamide. The free ammes were then reacted with a 
tcira-O-Ac-nrumn-a-Fmoc-serine residue ( in I fi-fold molar excess of peptide) with 
TBTU/N-ethyldiisopropyUmine as activating agent. After the coupling had finished N- 
terminal Fmoc groups were removed using 2?i- DBU in dimethylformimide containing 
2% piperidine. 

The glycopeptides were cleaved from the resin by adding an excess of 95% TFA for 2 h 
at room temperature. The glycopepude was precipitated in 10 volumes of ether, the 
ether discarded after ccntrifugation and purified by hplc. 

In order to remove the 0-acetyl protecting groups present on the carbohydrate moiety, 
the pepUdes were treated with NaOMe^leOH before a fmal purification by HPLC. 
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Such hydrazidedcrivaUves can be used .ocounl.TM Man4Dcn4-. 
NBCP asdescrih^Hf W'^'^ *'«:Uy to oxidised 

«xni.i_. a, descnbed for the synthesis of Man4Den4-NBC12. 

(.) Biological Activity of Mannosylated NBCl. 

in order to assess the potency of Man I - NBC., transfer of the .uciferase gene to 
HCPG2 cells tn culture was measured The assay was carried out as deseed „ 
Exa.p.e4exceptthech.oro,u.ne concentration was inc^^^J^st^^ 

120MMto240.MandthcHepG2ce..swerecu,t„redforboth24hand90hpHorto 

enzyme assay. 

The results of this assay are shown in Figure 16. 
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ExaiiihIP 7 

g^M Trffn^fr r^mplfm Contninin, i-«»^-Pf r ii ^r rnmpli i n , 

7.1. N-Palmitvl J^p»^,...^. 

7.1.1 SynthesKofN-Palmiiyl NBC Derivatives 

Palmiuc acid N-hydroxy..ucc.nimide es.er (0.5g per gram of resin) was added ,o a 
su.sf«n...on of N-ten^nal am.no deprotected «sin bound peptide (side chain protected)- 
O-PEG-PS resm ,n methanol/chlorofom, (1:4: 5ml per gnm, of «sin synthesized as 
^ de.«.„bcd .„ Example 2). The rcacuon was shaken for 48h. at room temperaru. then 
the resm was Hhered off. w.hed 3 t.mes with chlorofonn. washed with methanol and 
dried in vacuo. 

The pcp,^e was cleaved from , he «sm usmg a TFA/water/phenolAhioanisole/l 2- 
c h.„.a..h.o, (82.5: 5: 5: 5: 2.5, mixture (10ml of mixture forevcryg«„ of resin to t 
cleaved,. The resin was then removed by filtration and washed 3 times with anhydrous 
mnuoroacettc acid. The combined filtrate and washings were concentrated by 
evaporation then precipiuted using diethyl ether followed by centrifugation to give tl« 
crude peptide. a uk 

Th. crude peptide was dissolved in . small amount of 25mM HEPES pH 7 4 and 
applied to an SP-Sepharose fas, fiou column of an appropriate size and eluted using a 
gradient of O-SM NaCI .n 25mM HEPES pH 7.4 over 20 column volumes L 
fracons containing the peptide. a> shown by analytical reverse phase hpic were 
pooled and applied directly to a preparative reverse phase hplc (Dynamax 83-22I-C 
column) and eluted using an appropnate gradient of aceionitrile (0.1% TPA) in water 

(OJ%TFA)(typicaUy 30-50% acetonitrile over 20 min). The fractions containing the 
desired peptide were pooled, the acetonitrile evaporated in vacuo and lyophUised The 
UP-pepudes were desalted by elut,on on a Sephadex G25 superfine column 
(1.6x30cm) with 1% aoeuc acid in water. Tbc resulting fractions were analysed by 
reverse phase hplc and those containing pure pepude were pooled and lyophilised to 
give the final peptide. 
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7. « .2 Synthesis of PaJmiiyl-Polylysine 

PalmUic acid N-hydroxysuccini^idc ester (25.^^^^^ 
Po.y..-C.Hysi.c™o.e....e..Ht,ppro^^^^^^^ 

.c«,peratu..; Water (49™,, was added and the ^'a^ " """^ 
~w.._...dd_.^ 

dow„.A.seco„da,it,uo.ore.hcr(30t„,,l.radlT.„T^^^ 
-na.a.„.THepe„e.....„..e„„p...^^^^^^^^^^ 

7X3A.cn,b.yor,c„etra„.rerco.p,exesconta.„.„,N.Pa,™^^^^ 

L.p.d containing complexes may be assembled as described i„ P . 

pcpi.de may be mixed w.,h the NBC conden. . "P^- 

of .he pept.de mixture .o .Hc DU^^TZ" " '^'^ 

•o .he complex aftercondensat'onwt .^^^^^^^ 

.0 add.t.on ,0 the cells. In these case co!^' ? " '^^ """""" 

hcfore add...o„ of the l.popeptr """""" ovem.gh, 

7.1.4 Eff«.ofN.Palm.,ylPep„deson WeconEfficiency 
7. 1 .4. J Targeted Gene Deliver. 

Fig. 17 shows the effect of N-palmiiovNNBO «n . r 
chloroflu,™ «» used. AS can be «,„ f„„ pi- „ 7^ 
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. Fig. 18 shows dau similar u> Uiose shown i„ Fig 17 exccp, a« effect of 



7 1.4.2 Non-iargcied Gene Delivery 

The .ransfcction cfncicncy seen When cells arc u«^^ 

basic residue ,ophospha.era..oofg«a.era«n 1-0 (as described in Example 4 and 

Figure 19showstha,a,anop,imalrai,oofUp2toNBC2canboost transfccuon 
ac..v.,yby >2ordersofmagnuude.F.gu,e20showstha.,hiseffeaisacommon 
property of deri vatized pep,.des of low polyd.spen^ity. These data also shows that 
pept-dcs wh.ch have poor relat.ve .ransfect.on eff.c.ency (e.g. NBC8) when derivat.zed 

w.,h -"N-'=nn,nal paJm.,yl group (c.g.L,p8) can font, potemwnsfection agents .n 
comb.nat.on with other defined nude.c acid condensing peptides of low polydispersirv 
Th... however, is no, the case when these denvattzed peptides a,, used in combination 

M "'.^T'-'/'"" ' ^'^^ of PolydispersHy 

Up 1 3 , fatled to enhance uansfectton by a polymer of high polydispersity (p^^^ 
Lysine .. This figure also shows that poly-L-Iysme polymer derivati«d with an N- 
tern^nal palmi.yl group as described above, enhances transfect.on by DNA condensed 

with peptide of low polydispersity a, a significantly lower (<2 ordeR of magnitude) 
level than a derivatized peptide of low polyd.spersity (L.pl3). This dau also shows that 

^denvaitzedpolymerofhighpolydispersKydidnotenhanceuansfectionofDNA 
condensed with underivatizcd polymer 

The optimal rauos for transfection van- according to the target cell tissue. Fig 22 shows 
the d.ffcrtnt«d tiansfcction levels obtained w,th two different cell Uncs K562 and 
HepG2 and the same formulation L,p2 ,n NBC2. In the case of K562 cells litUe boos, 
mactiv„y.wasobseTvedwhereasin,hccaseofHepG2theopUroal ratibwas 
> I .Ong/^g DNA in the formulation. The optimum ratio for Jurkat cells is 0. 13-0.6^8 
peptide/ng DNA. 

The presence of palmitylated NBC pepudes in the complex also confers higher 
resistance to inaoivauon by plasma. Figure 23 shows the effea on transfection 
efficiency of pre-incubating the synthetic virus like particle with varying amounts of 
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-m.»y ^^^^ . NBa 

DNA*.. Lipj s,.*.,^ ^ ^ ^ ^^^^ 

DNA »25n*<H=p=.,0.85M»d,u„.h|„rt<lc PH7 4 W , ' 

Th. solmi^s we» to, mi^cd wi,h U ,0- r,„, ,^ 

chloroquine. After 4h the cells were cemrifuecd th* 

CholeMfivl ^ri»;in-T I 

^VmhCSi^ of rhole^rn,! fMp^p rChnl'I'.fjp r' ii .i^ 

7.2.1.1. Oxidation of NBCl 2 

'':2 „0.2Mn»„ NBC,2 » ,.0„, 5b 

*. .d«o„ of 0^ ™l 0., M sod,.„ pe„...„ p„p^ ,^ 

To . .IgoTOBly sdnol solution coi».i„„5 200 „g ,450 ^ a^ksKijfl 
we^jrfdrt. Ate 1 h « roon, ttmp^ , ,«„pfc ^ ^ » 

,0 „™„« Hydrazip. f™, o^ pte . Hp,,,, o,^^ ^^^^ 
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evaporated and ,he white solid obtained washed with ethanol. The product was dried 
for 2 h m vflc««. 1 10 mg of Cholesteryi roxycarbohydrazide were obt^^^^^ 

Conec, synthesis was connnned by electrospray mass spectrometer and IR analysis. 
7.2.1.3. Synthesis of ChoI*-NBC12' 

40 mg (90 nmol) Cholcsieryl S'oxycarbohydrazide were dissolved in 0.8 mJ 
chlorofom, and added ,o 0.8 ml MeOH containing 15.0 mg (3.8 ^mol) oxidised 
NBCi: The reaction wa.s lef, for 4 h a, room temperature. The conjugate was isolated 
by preparauvc reverse pha.sc HPLC using an acctonitrile/water solvent system 
containrng 0. 1 % TFA. Af.er evaporauon of acetonitrile. the peptide conjugate . 
lyophilised. 6.7 mg of conjugate was obtamcd, which was stored at -80°C. 



: was 



7.2.2 Biological Activity of Chol-NBC12' 

The abihiy of chole.Mcr> l NBCI2 to condense DNA was checked as described m 
Example 4. The abilny of th.s l.popeptide to promote gene transfer was measured by 
co-condensing RS VLuc plasmid DNA w,,h NBC9 at the following peptide ratios. 

DNA NBC9 LipoPepiide 

(Mf) (fig) (ng, 



0.15 Lip9 

0.1 Cho!'''-NBCl2' 
0.4 Chol'».NBC12' 
0.6 Chol"'-NBC12' 
1.0Chol"'-NBC12' 
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The formulaiions were prepared as follows: 



2HgNBC9per^gofther.nalDNAan,oomrequiredwere™««i k . 

a.ou„. Of DNA such .ha. .he fin. DNA coZ^oIZ^^^'^"!: "'"'"^ 

CHo,^-NBC.2..o,.e.hcre,u.red —on of JaZT 7""^ 

.ocheco^plcx and .heco^plexes incubated forlharit "^^^"^^^^ 
-o.-swasO.M.aC...^p.^^^^^ 

ove.,.auoc.eco.p,e«..weredn.ed.o20.^„...,,.,,„„„,,^^^^^ 
Th» C(»npte,„ ^ ^^^^ 



7.? Mannosyi-lipid-Conjugatcs 

Combinations of Upid and targennEhpardmav also be attached to ,h. . 
binding peptide. ' «o the nucleic acid 



7.3.1. 



This conjugate has a similar structure to Man,Dcn2-NBC12' ,K 



TMS-Cl(4.9niI.38.7mmol) was added to a stirrerf , . 

acidO 9e 19 37n.™,I^ J u. suspension of aminoundccanoic 

«:iaiJ.yg.i937mmol) in dichloromethane(45 2inl) and the n.»«:^ 

.3™ins.mT.N^u.„sop,op,,™„,5'.,j^rjLrri:i:n:^'r 

9-nuorcnyImcthoxycarbonyl chloride (Fmoc-Cl- 5 JIp 21 T 

V "'^^*'"*g'21.3rmnol) was added to the 
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suncd soluuon and ihc reaction stirred for further 2h, The reaction mixture was then 
poured into water and shaken where upon the Fmocamino-undecanoic acid precipitated 

between the layers and could be filtered off and dried in vacuo to give (4.2 Ig 
9.9mmol) of product. 



-was 



The lysine dendrimcrDcnv(Lys),-Gly-Gly-Tyr- aminoundccanoyl-Cys- _ 
synthesized using a Millipore 9050 Plus Pepsymhe««r ninning in extended cycle 
n.od. ( 1 h couplings) wuh TBTU / N^.hyldnsopropylamine activation and deproiection 
wuh 20% pipcridine in dimethylfonnamide. Staning from Finoc<:ys(Trt}-0-PEG.PS 

resm. and with a fourK)ld excess of activated amino acid to free anune group the 
pepi.de was synihesised sequent.ally usmg the following amino acid derivatives- Fmoc- 
amino-undecanoic acid: Fmoc-CXrm-butyD-.yrosine. Fmoc-glycine. di-Fmoc-lysine 

and Fmoc-N'./^rr-butoxycartx,nyllysinc. After the fmal coupling had finished the N- 
.ermmal Fmoc groups were removed using 20% Piperidine in dimethylformamide. 

The pepi.de was cleaved from the dried resin usmg reagent K (TFA, water 
phenol.thioanisole.U-ethaned.thiol: 82.5:5:5:5:2.5) and purified by ion-exchange (SP- 

scpharosoand reverse phase hplc. 

To 15 mp f20 Hmol) of the dendnmer m 1 ml of a 1:1 acetonitrile: water mixture. 6 mg 
( 1.5 molar equ.vaJenu) of :.2-.d.pyndyld.sulph,de m 100 fil ethanol were added. After 
leaving the mixture for 5 mm at room temperature, the peptide was purified by HPLC. 

10 mg (13 nmol) lyophil.sed peptide were dissolved in 1 ml of 1:1 acetonitrile: O.IM 
borate. pH 9.0. The pH was adjusted to 9.0 by addition of NaOH. The peptide solution 
was then added to 95 mg 4-(a-D-mannopyranosyloxy)-phenylisothiocyanate dissolved 
m I ml of the acetonitrilcAxjraie solution. The mannosylation was left to proceed at 
37'Cfor 16 h. 

The thiol of the mannosylated peptide was reduced by adding 20 mg solid dithiothreitol. 
The pcpude was then purified by high resolution gel filtration. 

By using appropriate spectrophotomcuic assays, the mannosylated peptide was 
determined to possess, on average, between 3 and 4 mannose groups per peptide 
molecule. The glycosylated lipid dendnmer was conjugated to NBC12 in an analagous 
way to that described in 6.3.2.1. 



83 



wo 96/41606 



PCT/GB96/01396 



7.3.2 JnsMlin-NPn4''orho,....»..^^ ^..^^^^ 
7.3.2. 1 Synthesis 

A .solution of Ihiocholesterol (O.Smc 1 24un,oh in .ki . 

lu.^mg. i.24Hniol) in chlorofonn(lOOm) was added to a 

stirred solution of the Insulin-NBCM' nm. no^.. .v 

n iNtJc N (2mg. 0.24nmol) m methanol(400jU) The 

rcac..onwas.efttostirforlh.atRTthen,7ha.4"C.The^on»ixtu.wasthen 
— to dryness, .disolved in water and the precipitate i^ioved J 
centnfugation. The supenutan. was applied to a PD-10 coIumT^I 
With water. 0.75nii fraction.s were ta. n and fracL 3 'tTh ^TT'^^ ^'""^ 

^vacuu.eentnf.etoa...eof..3..Thecr:;^^^^ 
deter..„edtohe0.39.g,^..,,M>hy iuUVahsorhance(0.23)at27L 
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. Example 8 

EuSPgenir PentidP.MBr f:onim.at>^ 

8.i Symhesis of Innuenza HA Pepiide Conjugates 

A functional group is conjugated to a pcpUde of the invention as follows One 
representative functional group is a fusogenic pcpUde. A fusogenic peptide (FPI3) 

derived from the Influenza HA may have the sequence: 

NH,-GLFEA1AGFIENGWEGMIDGGGC (Acm) - COOH 

8.1.1 Synthesis of HjN-FPI3- (S-acetamidomcthyl-Cys) -COOH 

The peptide was synthesized using a Milliporc 9050 plus peptide synthesizer in 
extended synthesis cycle mode {1-hour couplings). Fmoc-Cys(Acm)-O.PEG.PS resin 
fPersepiive Biosyste,«s Ltd.) was used. After deprotecUon of the Fmoc group, using 
209r piperidine in dimethylformamide. the subsequent amino acids were coupled in 
four-fold excess using O-dH-benzotriazol-i-yD-tetramethyluronium tetranuoroborate 
rrBTU)/l-hydroxybenzoiriazole and N-ethyl-diisopropylamine as activaung agents 
After the synthesis of the pepude wa.s finished, the N-terminal Fmoc group was 
removed as described above to give the free N-terminal amino side chain protected 
peptide bound to the resin. This was cleaved from the resin using a TFA/waier/phenol/- 
th.oan.sole/1.3-ethanedithiol (52.5:5:5:5:2.^^ mixture. Following precipitation with 
ether and centrifugation the peptide can be purified using gel filtration to give the 
desired product. 

The acctamidomethyl (Acm) thiol protecting group on the peptide may be 
removed using mercuiy (11) acetate with water/acetonitrile (1:1; 0.1% TFA) as solvent 
followed by precipitation of the mercury with l-meicaptoethanol. Tlie resulting free 
thiol peptide can be purified using gel filtration lo give the desired product. 

8. 1 . 1 .2 Synthesis of FPI3-NBC2" 

NBC2 (thiol form) was synthesized by a standard solid state method and 
purified by hpic as described in Example 2. TTie peptide was treated with a 50 molar 
excess of 2.2'-dithiopyridyl disulphide and the S-pyridyl derivative purified by gel 
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chromatography. conjugate isolated by lon^xchangc 



chromatography. 
8 1.1.3 Synthesis of FPI3.NBCI2 



The FPl was derivaiizcd wuh a two moiar «»«r^c «f u 

was «actcd with a 5 x molar excess of periodate oxidized NBcTl 
NBCI2 was oxidircd by .he method described in Exan^ 72 1 1 ^ 11 
conjugate contains a hydntzone linkage between the FpZuB^ t T ' 
Hnkage is acid-.abi.e, and wi„ be btoken under the Jdictl^n, ^^1^ 
-casmg rree PP, condensed DN.^,„,.rr rj ^r.: 

hydrazone group may be reduced wUhsod-umborohydridetoastablehydrazide^^^^ 



8. 1 . 1 .4 Synthesis of a fusogen.c peptide containing a Cierminal protease- 
cleavable sequence FP13. 



The sequence of FPl 3 is : 



NH,-GLFEAIAGFIENGWEGMIDGGGF*LGEGGSC-COOH 
DemonstiaUon of Eiidosome Protease Cleavage of FPI3 

TlK pmica^-dcavable sequence "GFLG" [Gly-Phe-Leu-Gly] p,«ent in the amino acid 
«q cnce of the pcpude FPI3 (see above, was cleaved using the aspanic protease 
Cathepsm D. Othespsin D activity is found in the endosomal coiapamnent 
Complexes containing conjugated FPI3 pepUde may have increased transfection 
efficiency compared to those containing conjugated FPD. since in theorv the FPn 
scquencewouldbedeavedintheendosomcthusallowingth peptid to fa« with the 
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end somal membrane. The free peptide has been shown to have high fus genie activity 
fWagnerei al [1992] Proc.Nail.Acad:Sci U.S. A. 89, 7934-38. 

The peptide was cleaved rapidly at pH 5.0 and very slowly at pH 7.0, as monitored by 
gel filtration analysis of the cleaved peptide. 

The peptide bond (•) between the phenylalanine and leucine of the "GFLG" sequence 
is hydrolysed by Caihepsm D to give two fragments of molecular weight 2370 and 
622. The larger N-terminal fragment has an absorbance at 280 nm but the smaller 
fragment does not. The cleavage reaction can therefore be monitored by measuring the 
AjKo of the elucnt obtained from high resolution gel fiiiration. 

450 Hi of I mg/mi peptide solution in 0.15 M NaCl was prepared using either 50mM 
sodium citrate. pH 5.0: 50mM sodium curate, pH 6.0; or 50mM HEPES, pH 7.0. 
After preincubation ai 37T. 50 ^1 of Caihcpsin D (EC 3,4.23.5) in water {1 mg/ml; 5- 
15 iJniis/ml) were added and the solution mixed. [ One unit will produce an increase in 
^260 of 1.0 per min per ml at pH 3.0 at 37'r measured as TCA-soluble products using 
haemoglobin a.^ sub.'iiraie ( I cm light path). After 30 and 90 min at 37'C 100 ^il sub- 
samples were taken for immediate analysts by high resolution gel filtration using a 
Superdcx Peptide HR 10/30 column (running buffer, HBS: flow rate, 0.75 ml/min; 
detection at 280 nm). 

By analysing the A^^ clution profile ohiajncd from gel filtration each sample, ii was 
found that the cleavage reaction was rapid at pH 5.0 and slower ai pH 7.0. 



peptide cleaved after: 

30 min 90 min 

80-85 95-100 
30-35 
1-5 



0 min 

5.0 0 
6.0 0 
7.0 0 
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Examnli. 0 

Peltvery of Enrvmir p.. nctinnalH f»c n^^. 
' . Conjugation of Hf.^c^r?f^''^ PerotiHac^ ,^ f jpr-T " 

10 mg horseradish peroxidase was dissolved in 2 ml sod.um a^^^^ 
pcnodate was added ,o 10 mM and .he solution was left at room temperature fro 1 hour 
The solution was desalted and the buffer exchanged to 25 mM MES pH 6 on a 
PhannacaPDlOcolumn. 2 mg NBC2 was added and the soluuon was left a, room 
temperature for 1 hour. Sodium cyanoborohydride was added to 10 mM and the 
solution was left for 2 hours. At the end of this time glycine was added to 10 mM the 
solution wa.s left for a funher 2 hours before d.alysing overnight against 2 L 25 mM 
phosphate pH 7.4. 

The con,uga.e was purified on a SP-sepharose column. The column was equilibrated in 

mM phosphate pH 7.4 and the crude conjugate loaded. Unconjugated horseradish 
pcroxida.^ washed straight through the column The conjugate was cluted with a salt 
gradient of 0.1.5 M. The brown coloured fractions from the gradiem were pooled and 
loaded onto a Sephacryl S-300 column equilibrated in 25 mM phosphate pH 7 4- 0 6 M 
NaCl. Once again the brown coloured fractions elu.ing from the column were pooled 
The punned conjugate was too dilute for u.« straight from the column. Therefore it 
was dialyscd against three changes of 5 L of distilled water and then freere dried The 
resulting powder was dissolved .n approximately 0.8 ml water and filtered to remove 
msoluble material. 

9.2 Transfcction and Assay for Enzyme Delivery 

Tlie tnmsfcction assay described m Example 4 using Jurkat cells was employed with the 
following deviations from the gencnc method. 50ng DNA were condensed in 0.6M 
sodium chloride, 25inM sodium phosphate buffer. pH 7.4. 2% PEG 10 000 with 
2-5mg of conjugate. After incubation overnight at 4«C the complex solution was diluted 
1+4 with a solution of 37mM sodium chloride, 25mM sodium phosphate buffer. pH 
7.4. 10% PEG 10 000 containing Lipl3 at a concentration of 0.15ng/tig DNA. As 
usual 2.5^g DNA per assay poim f2x 10' cells) were used. 
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with Veciar Ubs AEC (Veciar 1^ iL n . 

- -.dcnccd hv coMc. Mac. Ma.n.n^ «r ,hc cc.MnlrvTNo m''™^ '^'^ 
observed m the control sample. '""'J 
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' Examnlp in 

gfn<? Tran^frr win? Nnriear tronir f.^^ «r anrfpr r^^T pfrn 

Incorpomion of pepcide sequences which are known to control the import of proteins 
and nucleic acid-protein complexes can increase levels of transfection. These sequences 
can either be incoporated in the condensing peptide stnicture (NBCl and NBC2) or in 
peptide domains which can be conjugated to condensing peptides. 

10.1 Effect of Nuclear Localization Sequences Incorporated into Condensing 
Peptides. 

NBC2 contains the SV40 T antigen nuclear localizauon signal. This sequence is known 
.0 promote the nuclear localization of proteins which contain the sequence (Roberts B 
( I989i Biochim. B.ophys. Acta 1008. 263). Peptide NBC5 has an idem.cal structure to 
NBC2 except the sequence of the nuclear localization sequence is reversed. Reversal of 
the .sequence motif is known 10 abolish nuclear localization propenies. 

The relative transfection potencies of NBC2 and NBC5 were compared in the standard 
non-iargeting transfection assay (as described in Example 4) using Jurkat cells. 
Complexes were assembled in 0.6M sodium chlonde with a ratio of 2^g NBCl or 
NBC5 / ng pRSVLuc plasmid DNA 0. ISm? Lipl 3 were added to each complex 
before dilution in order to promoie tran.sfection 



Results 

Complex Luciferase Activity 

Duplicate 1 Duplicate 2 



NBC2+Lipl3 3,280.572 



3.332.902 
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NBC5*Up.3 ; ,33^3 ^ 



iO.2 Synthesis of M9.NBC2 

m NH.-TCTOSN.0P„KGONPGORSS0PVG0OOQVPAKP,«.0CO 
The sequence was modified by the addiiion of an N .u 
symh.siiolusiiieaMllliDo„ OTln.i '° ^ pepule was 

ae,dswerecoopl«II„tc«,,.,„ld„e«iu«ngO. "» 
(IH.b«axH>jo|.l-ylw«o™ah„„^i„„,^„„j^ 

followed p^pi^c o,«. n^,, ^^^'r rr" 

te.c=.c«dw,0,oxidiadM<>»dteconj„g«.p,rtfi.db,hpl,/ 

10.3 Sy„««is„fr,„j„ga«„, Hn^ M«™P™,.i„,^ nBCI2(MAT1.NBCI2) 
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HIV Ks a «tn.vin.s which is able .o infec. non-dividing celis. The HIV Matrix pnnein is 
one of ^ proteins responsible for dus pn,pcny and a« protein has .wo nuctear 

^ull T""" " "-"PO" 0^ «»- virus 

Uirough the nuclear pore (Gallay « al. (1995) CeU 80. 379; (1996) 83. 859) 

sequence n,o.ifs.hough.«,be responsible ford« effect have been coupled in dte^^^^ 
of a .symhet,c pepdde sequence called MATl which has ihe following sttucmre: 

H-ThrG,yLys.Lys-^^^^^^^^^ 

Glr^Gln-Ala-Ala-Ala-Asp-Thr-Gly-His-Ser-Ser^Jln-V^^^^^^^ 

The peptide was synthes.sed using a Bioseaich 9050 plus Pepsynthesizer in 
extended syndesis cycle mode usmg Fmoc-Cys(Acm)^PEG-PS-Resin with DMF as 
solvent. Deprotecfon of U« N-temunal Fmoc-group before each coupling was achieved 
using a solution of 20% piperidine in DMFdmin a, a high flow rate followed by 10 min 
a. 3ml/nun). The amino acids were coupled in four fold excess using O-dH- 
benzotnazo- 1-ylHetrameAyluronium tetranuoroborate aBTU)/l-hydroxybenzotria2ole 
and N-ethyldnsopropylaminc as activating agents, lite coupling Umes were set a. Ihour 
throughout the synthesis. TTie following amino acid derivatives were used Fmoc-Ala- 
OH. Fmoc.Asnrrn)-OH Fmoc-Asp(0'Bu)-OH. Fmoc-Gln(Tn)OH. Fmoc-Gly-OH 
Fmoc-H.srrn)-OH . Fmoc-Ilc-OH. Fmoc-Leu-OH. Fmoc-Lys(Boc)-OH. Fmoc- 
Ser{Bu»-OH. Fmoc-ThrCBu»-OH. Fmoc.TyrrBu)-OH. Fmoc-Val-OH After the 
synthesis of the peptide was complete, the N-.erminal Fmoc group was removed as 

descnbedabovetogive,hefreeammo.Mdecha:npro.eaed.peptideboundtothe resin 
The resin was then washed into a glass v.al with methanol and dried in vacuo. 

The peptide wa. cleaved from the rcs.n using a TPA/water/phenol/thioanisole/l 2- 
ethanedithiol (82.5: 5: 5: 5: 2.5. mixture ( 10ml of mixture for every gram of resin to 'be 
cleaved). The resin was then removed by nitration and washed 3 times with TFA 
The combined nitrate and washings were concentrated by evaporation then precipitated 
usmg diethyl ether follo»«l by centrifupation to give the crude peptide. 

The crude peptide was dissolved in a small amount of 1% acetic acid in water and 
applied to a Sephadex G25 (superfine) column of an appropriate size and eluted using 
Ihe same 1% Acetic acid solution. TTie fractions containing the peptide, as shown by 
analytical reverse phase bplc. were pooled and lyophilised. further purification was 
achieved by preparative iwerse phase hplc using a Dynamax 83-221-C column and an 
appropnate gradient of Aoaonitrile(0. 1 % TFA) in Water(0.1% TFA) over 20 min Tht 
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|n.ap «,y me b. used as , h»d,e ,. >^ ^ ^^T. 

'O, NBC. ,„„,sb,s «. N-„^„. d=H.^ I^Tt ; S?"^ 

appropnatc peptide hydrazide P'^'' '° 



H-Thr-Glu-Arg-Gln-lle-Lys-lle-Tip-Phe-Cln-Asn-ArB-Arp Me. t t . 
Glu-Asn-Cys-COOH Arg-Arg-Mei-Lys-TnvLys-Lys- 

Thc peptide was synthcsiscd usinc a Biosearch QOSn 
extended synthesis cycle .ode us.ng Fn,oc.CysanrO P^G PS P " 

at 3ml/nun). am.no acids were coupled in four fold excess usine CWm 
benzomaz<^,.y,)..e,«methyluronium .etrafluon,bonue OBTUVl hZxl 
»dN^y.diisop.py,a„,„e.ac..at.„gagen^^ 

th^ughout Ute synthesis. Tl. following anuno acid Z^TJITZ 1 
Arg(PbO-OH. Fmoc-G.n(Tn)-OH. Fmoc-G.u(0>Bu)-OK Ftir^e OH ' 
Lys(Boc)-OH. Fmoc-Met-OH Fmoc-Phe-OH, FrnJ-J^,^ = 4 
OH P.O.V..OH. the synthesis of the ^deT^^r ^^^^^ 
g^up was amoved as descHhed above to give Z amint 
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-ITl' " '"'o » vial wiO, 

metnanol and dned jn vacuo. 

Hr Tr.r.'f """^ " TFA/watcr/phcnolAhioaxiisoi^U- 

cleaved). The «s.n was then removed by nitration and washed 3 ti^ 

The combined nUra.e and washm.s were concemn..ed by evaporation .hen precipitated 

usmg diethyl ether followed by centrifugation to give the crude peptide. 

The cmde peptide was dis.solved ,n a small amount of 25mM ammonium bicarbonate in 
water and applied to a Sephadex C25 (superfine) co|umn of an appropriate size and 
eluted usmg the same 25mM ammon.um bicarbonate in water. The fractions containing 
.he peptide, as shown by analytical reverse phase hplc. were pooled and lyophilised. 

The thiol group may be blocked/ac.iva.ed a, this stage with Dipyridyldisulphide if 

desired . 

Funher punncat.cn was achieved by preparative reverse phase hplc using a Dynamax 
b.'-„l-C column and an appropnaic gradient of Acetonitrile(0.1% TFA) in 
^^ ater(0.19. TFA). The fraction., containing the peptide were pooled, the acetonitrile 

evaporated m vacuo and lyophilised 

The peptide was desalted by elut.on on a sephadex G25 superfine column (1.6x30cm) 
with 25mM ammonium bicarbonate in water The resulting fracuons were analysed by 
reverse phase hplc. pooled and lyophilised as above. 

Oxidation of the N-terminal threonine mo.e.y with periodate. as described for NBCP 
furnishes the N-tcrminal glyoxal denva.ive which can be coupled to an appropriate! 
peptide hydrazidc. -rr r 
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like narflflf^ 



J 5-fold molar excess of reagent over available a- ore an,in„ 

100 ml water. The reagent soluuon is then added to the rxsmid. ,„i . 

.ncubated for 3 hours at 37-C. At the end of th.. Venter.!"'"" ""'^^ 

adduton of 1 0 ml of ,00 mM ethanolam.nc. The ^LTaiL^r^ 
"Change chromatography as described .n ExampTe^ al^ " 
s.vn.he..c vrus .i.e parttcles « described .n Er^p;^^^^ ™° 

Pcp.idcre,uire..oi„creasethe....„.J::,^^^^ 

target cell. ^"n the cell type of the 



1 1.2 Preparation of a Defined PEG Conjugate PEG 



WNBC12" 



for 1 6h. ' ^ left at 25'C 
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The foil w.„g purincation p^ccdu,. was followed. A clear separation f free NBC12 

and PEG«„canbeob«uncd usi„ga gcl penneaiion(Scphadex G-50)colunu, Gel 
pern«at,o„ w^ U««fo,e u.,ed .o separate any un,ea«ed NBC9 from the conjugate and 
unreacted n^G-MAL. Cation exchange onSP-Sepharose was performed . s!paraTe 

un«actednJ^-MALfn,mNBC12.S-MAL.PEG conjugate. A prcUminary 
expenmem confined Uu. unreacted mPEG-M AL did not bind to the SP-Sepharose 
The pure conjugate was de.salied and lyophili.wd. ' 



The conjugate is "heavier" by Superdex Peptide analysis than NBC12 Ha, the 
conjugate .s covalently linked .s .supponed by evidence from gel fUtxation with the 
Superdex Peptide column using 6M Guanidine.HCl as running buffer. 

M .3 Synthesis of a def.ned PEC-conjugate capable of targeting to glycosyl receptors 

The presence of a PEG coaung on the delivery complex (covalently linked) inhibits 
non-specific gene transfecnon (data no. shown). For in vivo uUlity it is therefore 
.mponan, ,o incopora.e any targeting ligand on the PEG polymer itself In this wav the 
hgand will be free of s.enc h.nderance from the condensed DNA and shielding from the 

PEG group iuiclf. 

Conjugate which involve the mannosc receptor ligand are described in Example 6 3-' 
A hgand similar to Man.DenS-NBCi:. but with a PEG spacer group was synthesized 

as follows: ' 

A .wo fold excess of Fmoc-NH-PEG(3400).COOH is coupled to the HMB-PS resm 
using DCC and DMAP and rec.rculaung overnight. The remaining amino acids (Fmoc- 
Gly-OH. Fmoc-Lys(Fmoc)-OH. Fmoc-Ser (0( Ac,-mann))-OH and Fmoc-TyrfBu)- 
OH) are coupled in four-fold exce.« using the standard 1 hour coupling cycle with 
TBTU/N,N-.ethyldiisopropylamine activation and deprotection using 2% DBU in 
dimethylformamide containing 2% piperidine. After removal of the N-terminal Fmoc 
group on the completed resin bound pept.de is treated with a solution of TPAAVater 
95:5 for Ih. TTte pcpUde is then cleaved from the resin by surrog in a solution of 10% 
hydrazine in methanol for Ih. The glycopepUde was then be purified be reverse phase 
hpic, desalted and lyophili.sed. The sugar protecting acyl groups are removed as 
described in 6.3^.2. 
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Fvrm^imp Of p,,„,^^^ ^^^ ^^^^ 

The fomulation approach described in ExaniDle 4 «nduo.^ f„ • 

5jig/ml. 

TwoaJ.cnu..,vc,ypesofforn,ulauonwhichdo„o.,«,ui«co™pl,catedp,.^^^^^ 
procedures and which are stable have been developed • theseZes oTf^ 

wi«h c*i. c . *^ "*^01>cs Of formulation arc 

a led H,gh Sal. Fonnulauon and Isotonic Fonnulation. TT^e Isotonic fom^ulations 
requTc d.lut.on w.th a solufon. "the Di.uenr Jus. before administnuion One 1 

n.a,ord.sadvantages of other .eO-odsofnon-vinU gene thentpy.such«^^^^ 

.vo,v.g..... fe^ionichposo^esornalcedDNAist^^ 

ea.,.rH.rs.en,.zed.Th.sresu.ts.nareq..re.entfor.^^ 

manufacture; an extremely expens.ve opentUon. The invenUon described here allows f 

<^..|.rs.er.i..ionb..ethodsco™.^^^ va,ida.rr::r::::r 

The High Salt Fonnulation .s an wVo fonnulation whach involves direct injection of 
.hypenon.csoluti<.of.hegencde..ve^veh.c.e.Th.^ 

::rtr^^^^^^ 

Terapr'' °' volumes or in « vivo 

1 2. 1 Preparation of High Salt Fonnula.ions 

These formulations contain 0.3-0.6mg/ml DNA and involve initial inixing of the 
requisite amount of condensing peptide or pepUdes (0.3.1.2mg/ml) with U,e DNA in 
Ute presence of 0^ IM sodium chloride containing buffer ( a physiologically acceple 
buffer such as 25mM phosphate or HEPESl. pH 6 5-8 0 ^cq)«ablc 
In the case of the HHS high salt formulations only .he underivauzed condensing peptide 
is added to the DNA. After incubation at 4-C for 16h oUter pepudic components and/or 
chloroqume are added as a concenuate in Ac same buffer. 
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In the case of the THS high sal. fonnalaUon all peptidic components are added a. the 
same ume m the presence of buffer containing PEG (3000-10000) The PEG 
concentration is optimally 2% a, a salt concentration of 0.6M and the DN A 
concentration 250^g/ml. TTese parameter were defined us.ng the luciferase reported 
gene assay on Jurlcat cells by varying the PEG and salt concentrauon (Figttre 24) and a, 
a fixed concentration of 2% PEG varying the DNA and sal. concentration (Fig 25). 

Th.s formulation is panicularly useful for the preparation of complexes which contain 
PEG 3000- '0000prevents.,revers.bieadsorptionofLipI3tothefiltrationmembrane. 
12.1.1 P^-ParationofaHighSaUFormulationofpRSVLucrFormulationHHS 
The following solutions were prepared: 

a) 800Mg/ml of plasmid DNA in 0.7M sod.um chloride. 25mM HEPES pH 7.4 

b) 1 .6 mg /ml NBC2 in 0.7M sodium chlonde. 25mM HEPES. pH 7.4 

c ) 1 mg/ml Lip2 in 0.7M sodium chloride. 25mM HEPES. pH 7. 

d) lOmM Chloroquinc in 0.7M sodium chloride. 25inM HEPES. pH 7. 

The NBC2 solution (I vol) was slowly added to the DNA soluuon (Ivol) with agitation 

us.ngalKA-SchuttlerMT4machine,300rpm,a,ar3teof0.lvolpern^„urr^^^ 
operation was earned out at room temperature. After mcubation for Ih at room 

temperature the complex was stored ovcmighi ai 4''C. 

0.12mJ of Lip2 solution per ml of complex was then added to the complex with 
agnation followed by 0.0I2ml of lOmM chioroquine solution per ml of complex 
solution. The complex was then incubated a. 37»C for BOminutes and filter sterilized. 



12.1.2. P«I»«"on of a High Sah Formulation of pRSVLuc: Formulation THS 
The following solutions were prepared; 

a) 500ng/ml pRSVLuc DNA in 0.6M sodium chloride. 25mM sodium phosphate pH 
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7.4 and 2% PEG 10000 



1^*2 Isotonic Formulaiiol 



The Photon Correlation Spccirosconv * Pre . a . - . 

™M HEPES pH 7.4 «d ,„ o„ .^^^„^ 3 8000 .„ stal™, . 

™=Wnemi„g S4700 .1.26 softwJa^ Z^^'r™""'' '"^"^ 
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82.5 


10.8 


17K 


ii.r 


139.3 


10.5 


96.1 


10.6 


83.2 


10.6 


76.7 


10.8 


87.6 


10.2 


85.5 


n.4 


231 


11.9 


82.5 


11.8 


IM.2 52.2nm 


11.0 4./- 0.6 nm 



Tabic I 

Panicle Diamcicr in run 
Scan No. 0.8M NaCI 0.8 M NaCI. 3.25% 

PEG 

I 

1 ' • ' 



4 

■ ^ 
6 

7 . 
S 
9 
JO 

Average 
Size 

This cxpcnmcn, shows ,ha. .n the presence of 3.35%.PEG .n the high salt formulat.on 
the gene dehvco' panicles are significantly more compaaed and regular shape. 

12,2.1 Isotonic Formulation PEG 1 

The following solutions were prepared 

a) 0.2mg/ml pRSVLuc DNA m 25m,M sod.um phosphate buffer. pH 7.4 containing 
0.6M sodium chloride and 2^ PEG 10 000 

b) 0.4mg/ml NBC13 and 0.12mg/ml L.pl? ,„ 25mM sodium phosphate buffer. pH 7.4 
containing 0.6M sodium chloride and 2^ PEG 1 0 000. 

c) 10% PEG 10000 in 25inM sodium phosphate buffer. pH 7.4 containing 37mM 
sodium chloride and lSO}iM chloroquine. 

An equal volume of the DNA was added to the peptide solution at arate of 0.1 vol/ 
minute with mild agitation. This complex concentrate was then incubated at nxan 

temperature for Ih. filter sterilized and stored at 4«'C until required for use. 
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•hen used within 24h. T»« fluted preparaUon was 

12.2.2 Isotonic Fonnulaiion PEG2 

a»0.2mp/mI pRSVLucDNA,n25a,M HEPES buffer „H 7 . ' ' 

chloride and 2% PEG 10 000 ' ''^ ^■'* «='^«aininp 0.6M sodium 

b)0.4mg/mlNBCl3,n25mMHEPES buffer dH74. ■ 

chlor.de and 2% PEG 10 000 ' ^ ^ ""'^""ng 0.6M sodium 

PnoMoa.s.sa> or . njection the concentrate w« , 

of pcne complex concentrate 20 volume, of PEG dilue t ' ^"'"-^ 

•hen uved within 24h. Preparation was 
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■ : ■ l>artS ^ ^ ^^^ ^^ ^^ n r ti nij 

A scries of formulations of pRS VLug DNA wen- ^^^,-.-4 . 

^nH .«or« A. ^ ^ P^'cparcd and Stored in viaJs ai -Wr- 

The fonnuiaiions iesied are as follows: 
Stability r^n,,>[^^^- 
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- S12 ■ 


lOOjig/mJ 
0.6MNaa 
2% PEG 10000 
-M 'C 


Sib 


IOO|ig/mJ 
0.6 M NaCI 
2% PEG 10000 
'^U G 

|jbLUi^gy^g^O.I5^g/^i 

lOOjig/ml 

0.6 M NaCI 

600^M chloroquine 
+4 'C 


SI7 


i\°V.*^^^m^aii>ng/jxg 
LIP13 

lOOug/mJ 

0.6 M NaCI 

600^MchloroQuine 
-20 *C 


Sib 


lOOug/mJ 

0 6 M NIar*l 

600 fiM chloroquine 
.;SPEG>0000 600 

cnJoroquine 
-^4 'C 




NbLUi^ig/Mn.ojSMg.^,. 

lOO^ig/mJ 

0.6 M NaCI 

2% PEG 10000 

&00 ^iM chloroquine 
'20 'C 



f .8U„ 27 ,k„w, „,„ i„ ^, „„p, „.„ ^^^^^^^ ^ 
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Pelivffrv of OlK.ot.ufl>ftrirf,, f^^^^^ 
Tbt mvenUon enconpasses the deUveiy of oKgonudeotides to cells m an analogous 
manner to plasmid DNA. Two 17 base oUgonudeotides were synthesized: 
Bcl2S-BI0 

5'-GCGCACGCTGGGAGAAC-3' 
BdAS-BlO 

5*.GTTCTCCCAGCGTGCGC-3' 
Each oligonucleotide was synthesized on a phosphorothiolate backbone and was 
labeled with biotin in the 5" position. These oligonudeotides were obtained from R&D 
Systems Europe and relate to the 35-5 1 base coding region of the human BC12 gene (Qeary et 
zl. ( 1 986); Cell. 47. 19-28); BC1-2S-B 10 is a sense sequence oligonudeotidc and BCl-AS- 
BlOisan antiscnse oligonudeotide. The laner oUgonudeotide would be expeaed to interaa 
with the natural human BCl-2 gene and by inhibiting BCl-2 gene expression mduce apoptosis 
in ruzDongenic cell lines sudi as Juikat 

Delivery of oligonudeotides was demonstrated by foramlating BCJ-ZS-BIO and BCl- 
AS-B 10 inio a synthetic vims-like panicle, as uughl hcrem, and visaa&zmg defivoy to Juikat 
ceUs ' 

Iht oUgonudeotides were condensed with 2^g NBCD/lMg oUgonudeotide ( 100^g 
oUgoDudeoiides/ml) as described in Example 4 whh the foUowmg modifications. Tlie buffer 
was 25iiiM sodium pho^hate pH 7 4. 0 6M with revert to sodium chloride. After 16 h at 
4.0*C, the complex was difaaed to 20fig oUgoDudcotidc/ml in 10% PEG 10,000, 37.5mM 
sodium cUoride, 25xnM sodium phosphate buffer pH 6.5 containing 120^m chloroquine 
0.15MgLipI3/MgoHgonudanideDNA 1 x 1 0* Jurkat cdls per pomt were tnmsfected with 
2.5jig oUgonudeotide DNA The cells were incubated for 4 h as described in Example 4 prior 
to rq)lacing the trans&cdoi medium with buffer. After 24 h the cdls were washed with 
phosphate buffered saline md flushed for 10 mm in 0.05% ghitaraldchyde at room 
tcny eraturc. Hie ccDs were again washed with phosphate buffered saline and then 
pcrmeabiHzed with 0. 1% trium x 100 for 2 min at 4.0*C. After agam washing with phosphate 
buffered saUne the cdls were treated with Veaorsiain ABC according to the manu&cturers 
instruaions (Vector Labor«ories, BurUngton, C.A.). This kit contains an avidm (v*idi bonds 
strongly to biotin), horscrafish peroxidase conjugate. After 60 mm at iwm ten5)erature the 
cells were washed with phoiphate buffered salme and stored with Vectorstam AEC. The 
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prcscaceofh «cndishpcn,xidasc« the ceUs is indicated by. black^c^^^^^ Afterfimher 

washes wth water tbecelU were ewniinedttx 20 m.«,5W w. • , 

_ 2° °»8»fi«tu>n by optical inicroscopy. Tie 

control cclls^ncgativc. CelU treated ,«.h synthetic WBke particle containing 
oligonucleotides w« positive (black) at a frequency of 20%. 
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Examplf 

IianifecHon FfT..;.,,,. p. ri u , 

'5.1 Ex-Vivn nr|;^^. 

Panicles of (he .nvemion are also capable of hiphlevrl,«„cf 

'•^'7-- — ---- "-rr^n 

.ransfccon medium. Fig. 28 shows Uu, Uk anu.CD33.NBr,^„ "the 

-sfeno Pcnpher. Bioo. Mono„.c.ea. Cens a.?„La^^^^^^^ 

compan.,o„ shows a,e uansfecuon efr,c.cncy of an.i.CD33 Z " ' ^t.^ 

ce„ h„e K562 and peripherai blood mononi.ea. ce L pTp^^^^^^^^^^^ f f^^^ 

hv standard F.co,. grad.en. cen.nfugauon O.ITZ Z'^ 

SEM.30%Uheac..v.uescanbeco„s.dLc,.v;eL. 

F.o 29 show, oiai DNA complcxed w„h ani,.CD7-NBri . \c 

15.2 h Vtvn Pffli^tH' 

™':r:'r ',r:: ::r - .. 
^ :rr ::rcS^r : 

A «,Iu>,o„ of pl^^id DNA ,800^s/ml) CO*., (or A, p-gahc^ito. (tacz, 
"Pon., i. 25mM HE-ES b„f,e, ^ ^ 

». 300n»„ , .o™, ,lKA.Sc«« MT4). A„ ^ „, ^ 
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Th«e mice bcanng T50/80 .umo. wc„ anaesthetized wi.h ether and th 
. mass injected with 20 ul of the follou, . tumour 

Ml the following solutions: animal (a, HEPES buffer 

comaining 7.,4Hg pia.m.d DNA: animal (b, delivery comm. 

« J ociivery complex conuining 7.UUE and 

phosphate buffered saline S.r. gl"araldehyde in 

.^»f=r— ^^^^^^^ 

laKcn from ihe tumour earned bv Animal r u,h^.* . 

Dv AnimaJ C whose tumour was injected with the same 
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Arrows fcprcsent areas of staining 
Four BDFI „,alc m.cc were .mplamcd subcmun^^^^ 

r=r,c ,„ .5„«, H^, t„„„ , ^ 

A second solution of plasmid DNA (pBPV-ECO NTR -jnn.. / .v . 

piasmid UNA per tumour. 'He 

Tumour 1. DNA-1M-BC13 complexes diluted imo RAT 

Tumour 2. DNA-NBCI3 complexes diluted imoRAT * 10% PEG 8000 
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6 days afier «lmini«mion of convtexcs. animals were s«crir^ . 
dislocation and .umou. wc. dissec.cd. snapt^ ."^^ 
•scciions taken a. .OO^n, .„.c,vais .h^oughou 1^^™ '"""J 
SccHons wc. mounted on 

sccuons wc„ fixed in 0.25^ „uu.„dchydc/PBS andT 

LungRcs. 19. » 93-202). In ,h.s assay cells expressin. B . , ""'""'•^P 
hi... Af. ' P'S'^^c'os'dasc activity stain 

blue. After staining ovem.gh. a. 3rc .n a humidified chamber 

dehydnited through an ethano. scncs. clea^d in xyltr^ r 

fluid. ''™*"<*"'°"nt«l'nDPXmountani 
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Results 

Fig. 31(a) shows that in Tumour I, injection of DNA-NBC13 complexes diluted into 
RAT resulted in poor iransfection efficiencies with only the occasional cell or small group of 
cells staining blue in just a few of all sections taken. 

In Figure 3 1 (b) it can be seen that injection of DNA-NBCl 3 complexes diluted into 
(RAT+10% PEG 8000] into Tumour 2 resulted in the transfection of only a few small clusters 
of cells or single cells in the tumour mass. 

However, Figure 3 1 (c) shows that injection of DNA.NBC13 complexes diluted into 
[RAT-t- 1 0% PEG 8000 + O.e^gLIP 1 3/MgDN A] resulted in the efficient transfection of large 
groups of cells and these clusters were visible throughout the tumour mass, indicating that the 
complexes were well dispersed throughout the tumour upon injection. Many isolated single 
cells and clusters of cells were visible in sections taken at many different positions 
throughout the timiour, again indicating efiicient dispersion of complexes upon injection and 
efilcieni gene transfer mediated by the delivery system. 

Figure 31(d) shows that injection of DNA-NBC13 complexes diluted into 
[RAT-^ 0.6^gLIP13/^gDNA) results in transfection of small groups of cells. and is less 
efficient than when this fonnulaiion is supplemented with 10% PEG 8000. Figure 31(e) 
shows a section of the same tumour in Figure 4 in which very efficient delivery to a layer of 
cells close to the surface of the tumour was observed with DNA-NBCl 3 complexes diluted 
into (RAT+0.6ngLIP13/MgDNA]. Only one such region was observed in this tumour, 
nevertheless the level of expression in this region was high. 

Figure 31(0 shows ? section of uninjected T50/80 tumour which stained negative for 
lacZ expression. 

Cpnciysign 

In vivo injection of gene delivery complexes, comprising both NBCl 3 peptides formulated in 
1 0% PEG 8000, results in wide dispersion of complexes throughout the timiour mass, and 
efficient transfection in vivo of tumour celts. 
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Detailed desmprior^ nf finim 
Figure 31(a): 

Section of T50/80 manunary tumour tissue in which no lacZ- blue-staining cells can be seen. 
Figure31(b): 

Section of T50/80 mammao^ tumour tissue in which a small cluster of lacZ- W 

Tf "^^"^ ~«»Py'"8 » area of -10/. of the total field 

Figure31(c): 

Section of T50/80 mammary tumour tissue in which a band of lacZ' blue-staining cells can be 
seen ,n the f.eld of view extending from the top left-hand comer of the photograph towards 
the bonom nght-hand comer. The blue cells are intermingled with unstained cells but 
encompass an area of -200/0 of the f.eld of view. Approximately 30 foci of blue staining 
matenal. each focus representing a small cluster of cells or single cell can be seen in this 
figure. An area offaint blue staining can also be seen in the middle ofthe top edge of the 
figure. An area offaint blue staining can also be seen in the middle of thetop edge ofthe 
figure, mdicating a further patch of iransfecied cells. 

(d) Section of T50/80 mammary tumour tissue in which an oval ring of lacZ-blue-staining 
cells can be seen in the field of view (ring diameter is -40«/. of the horizontal dimension) 
TT,e mos, strongly-staining lacZ" cells are at the bonom ofthe ring of cells, which is located 
in the centre ofthe field of view. 

Figure 31(c): 

ce'!i?«n°I!?°'*° T™""^ "^^'^^ cluster of lacZ-blue-stainine 

cells can be seen m the centre of the field of view, occupying an ar«t of.^% of thTfoTfield 



Figure 3 1(f): 

Section of T50/80 mammary tumour tissue in which a layer of lacZ-blue-staining cells can be 
seen close to the surface of the tumour, occupying an area of - IC/o ofthe field of view and 
appeanng as a dark vertical line to the right ofthe centre ofthe field of view 
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Example Tf 

panicle In the latter case ihc.vn,h...r„.„ ix '°" °' " ^^'heuc v.rus like 

c.-<:ui».orin.hcfomor.DNAf,i«mem "« "NA. „*„ „ 

-cod., cy.o.,„.s. . TNF. „.„.^,„ ,„^^ ,^ ^ ^ ^ _^ 

-d T..n ^.p,„,.T..DN, ™, ^.o »^ ^-^.^^ 

pen., .h. p.„,„„„^ ,^ ^ ^ 

Chloramphenicol acetyl transferase gene 

^The peptides and DNA a. exchanged ,„,o tsotonic phosphate f„e buffer and 
s.cnle nitered through a 0.45 or 0.::^ ni.er. The formulated solution or sv„.het.c vin^s 
Z^ITI '"""'^ '° ' functional group. DNA 

...i. par.. .-^.^^^^Lirhl^ ^^^^ 

Use of this orpe of pharmaceuucaJ composition i^orsl^lm with nucleic 

gene or an addiuonal potentially beneficial gene funaion. is expected u, conferl^n 

.crmgenctic^odificaUonofthe cells and beeffecUveinthetreatrTTfr^^^^^ 

For example, a patient that .s subject to a viral or genetic disease nu,y be treated 
.n accordance with .he invention v.a ^or^ n^thods. For example in vivp 
~. a delivery vehicle of the invention can be administered 71 p^ 

preferably tnabiologically compatible solution orapham^ceuticaUyacceptableL^^^ 
by mgestton. injecUon. inhalati n r any number of other methods. The dosage^ 
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administered will vary from p^^^^ 

dcr^rr-cd by .he , eve, of Zj^^^^J^T^'' ^ffccU^ dose" wi,, fa, 
muoduaion. gem. expression and/or U« prc^ , "^""'"""^ '^^'^ 

composition including . synthetic v.a.s . J ^c^" ^ ' ^"-"y- 
c1o.c.„.hcr.npeor,0ng- .00 ug/kp hodv we^, pJfl^^v T"'"" ' 

.Oug/.ghodywe.ght..„cH.h»,aHe.Monecopyofrrr'^^ 

"ch target cell. The 0«rapeut.c gene wi|,. oZol^ ZT '' T'' '''^'^ 

rcpulatory . sequences for e,p.ss.on or the gene 

EjLviys treatment ,s also contemplated within ih* n« 

Populattonscanheremoved from the patJorotht^L^^^^^^^ 

iherapcutic gene m accordance w,th the mvemlon ,K. t«nsdiKed w,th a 

general, e^^ cell dosage, wi 1^^" Z . """^""^ 
^rrec.ha.ancedaga.„stan;dell^^^ 

-nge of lOMO^ cell, per patient. da.K- week.y or ^tr^^ " 

ceils per patten, ' °""'"™«"'«'y: Preferably 10»- I0' 

A synthetic v.rus-likc par^clc according ,0 the invenu^^ 
He used to treat X...„.ed.-g.obt.l.nem. The condensed nucleic acid i„ the v.rus 
panicle w.,1 contain the B,..on s tvros.nc lanase .ene rv 

36.::26.233,. which ,s earned ^ /."'^V^^'V^^^'™ « 1993. Nature 

PO.-n..33.andtheH.ndn,si.™ 

.nclude sequences Which confer position mdepen nt ir^^^ 

--'^ .n PCr,CBSS,0^S3 The therape.: gene i^::^^:^ 

P^KAtail. Which may .ncludeponion.of.hchumanPg.obin 10^^^ 

const^. di^ccuy into a patien. for ^ ge r^r'"^^^ ' "^"^ 
Utcn^py. „ described in Mar^ensso^,' ^.tuf ir" T? ""^ ^ 

Okabeetal., Eur. Jour. Immunol. .99^ 3 7 ' ^1^^^^^^^^ ''^''^^ 

"'^ and Banciji et al.. Ceu 33:729 1983 

|teb,J,™,.a.Asyml«.».,™».|itep„«fc,„,„,^,„fX. ■ 

«*=d y^^. ^„ , ^^^^^ ^ ^ 
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_ ^Asyj,th«icvi™s-likepani^^^ 

Cauchcrs d.sc«c. Gauchcrs disease s«ms f„„ one of .wo diffe«„. genetic 
mu.a„o„s. Gaucher s .ype 1 is a CGG .-> GAG muu.ion. which resuhs in an ^ -> 
cm subs„.u..on a. position 1,9 of ,h. :P-gl«coccrebn,sidasc polypeptide (Graves 
ONA 7:521. ,988, . Gaucher s .vpc- 2 ,s . CTG -> CCC mu.a,.on. wh.ch rest.... .n . 
Leu -> Pro substitution a, position 444 of the Z-glucocercbrosidase polypeptide (Tsuj, 
NEiM 3,6.570. ,987). The presence of a :p.g,ucoce,ebrosidasc gene encoding a wi,d 
.ypc- polypeptide is believed ,o substantially corect Gauchers disease. Therefore a 
.herapeutic nucleic acid useful according to Ute invenuon includes a,e 
P-glucocerebrosidase gene, as described in Horowitz ci al.. 1989. Genomics 4:87-96 
which IS earned, as disclosed in Horow.tz et al.. on a 9722 base pair fnigmen. 
exiendinp from a BamHl sue in exon I to an EcoRV site 31 to polyadenylation site 
Th. fragment contains 1 1 exons and all in.ervemng sequences, with .nmslationa] stan 
.n exon 2. Sequences confemng position-independent and tissue-specific gene 
expression may be included ,n the constrxici and are carried on an 1 1.8 kb Xhol - Sad 

frapment from pHMyxconMnjci as described mBonifcretal.. 1990. Euro Mol Biol 
Orp Jour 9:2843. " ' 

A syntheuc vtrus-like panicle containing the P-glucocerebrosidase gene ,s 
assembled as described herein and u>ed lo ,n:a> Gauchers disease by introducing the 
vir.s.,.ke panicle directly m.o the hoM for uLJ^ r,^^ „ ^^,3,^, 
macrophages for sxvjvb therap> . a. described ,n Immunology and Cell Biology 1 993 
Vol 71. pages 75-78 and imroduc.np ,hc .ransfected ' macrophages into a patiem 
affliced with Gauchers disease Expression of the wild type traitsgene in a patien. 
afnicted with Gaucher's disease should result in correction of the 
diseased state. The synthetic v„us.|,kc panicle will contain a ligand that specifically 
targets a cell surface anugen on a macrophage. Such ligands ait well-known in the an 
for example, monoclonal antibody having specificity for and capable of targeting one or 
more of the following cell surface markers: CD14. CD16. CD26. CD31 CDw32 
CD36. CD45RO. CD45RB. CD63. CD7I. CD74. CD23. CD25 and'cD69. 

The cells targeted for uunvo or ex_viv2 gene transfer in accordance with the 
invention include any cells to which the delivery of the therapeutic gene is desired Such 
cells will bear a cell surface marker for which a corresponding specific ligand is 
available or can be prepared to allow for cell-specific targeting according ,0 the 
invention. For example, cells of the immune system siich as T<clls. B-cells. and 
macrophages, hemat poietic cells, and dendritic cells, each cell of which bears one or 
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mtl""" """" "^'"^ co^sponding li^ which „«y be 

selected for use « . urgeting lig«id in .he m.s- like p«Ucle of the invenU^ 
depending upon the selected cell. Using esubUshed technologies, «em cUs mayt 
used for gene transfer after e«Khn«« procedures (see. for e««ple. Europe*,^ 
Applic^ion. 0 455 482 «td 0 451 61 which disclose J^t^r^^ 

cells and s en. cell populauon. n»y he used a. a uirge. populauon for DNA traTer as 
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Exaiimle 17 . ; 

TTw fijDowing example describes transfeaion of mammalim 
like panide in which a lipidated nucleic add condensing pepUde is present, which paitide was 
prepared according to a novel procedure whidi indudes preincubation of the synthetic vims Uke 
particle with chloroquine. 

Id jaac transfection using the synthetic virus like particle is absolutely dependent on the 
presence of an agent which penurbs endosome function. One sudi potent agent is the anti- 
malarial drug chloroquine. The attion of chloroquine can be amplified by pre-incubation of the 
synthetic virus like partides in a solution containing chloroquine prior to treatment of the cells 
(presumably by adsoiption of tiiis lipophilic molecule to the hydrophobic surface of the synthetic 
virus like partide). Figure 22 shows the increased transfection effidency observed when synthetic 
vims like partides prepared in the presence of Up2 are pre-incubated in the presence or absence 
of 120 n M diloroquine before exposure to Jurkat cells. The synthetic vims like partide allows 
nucleic acid ddivery to be optimized fijnher by increasing binding of chloroquine Uirough 
devatioh of the level of lipophilic substituems in the synthetic vims like partide. The range of 
prdnaibation concentrations usefiil according to the invention are generally from 10 iM to 
70mM.' At the higher dosage, the maximum amount of chloroquine administered with the 
synthetic vims like partide in vivo should not exceed 3.5 mg/kg body wdght. For ex vivo 
applications, the final concojtration of chloroquine after dilution from the formulatioii should not 
exceed 200 tM. 

Transfection effidency in vitro can also be increased by extending the time period to which 
the target cells are exposed to the synthetic virus like partide in the presence of chloroquine. 
Figure 23 shows the effea of increasing the incubation time on transfection of Jurkat cells by Lip2 
synthetic vims like particles in the presence of 120 /iM chloroquine. 

In Figure 23. solutions of NBC 1 were either made up at a concentration of 200 A^g/ml in 
25 mM Hq)es, 0.85 M socbrni chloride. pH 7.4 containing 0.7 M sodium chloride or in the same 
buffer containing, 5% PEG (Sigma Ltd.. Poole. Dorset). Eadi solution was mixed with an 
appropriate amount of 3.5 mg/ml RSVLUC plasmid DNA to give a final concentration oflOO 
Mg/ml plasmid DNA and the mixture incubated at room temperature for 60 min. followed by 
fiirther incubation at 4*C overnight. The synthetic vims like partides were then diluted dther 
directiy into RPMI medium containing 1 x 10* Jurkat cells and 1 20 ;iM chloroquine (25^1 DNA 
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VH U «^ ,o« PEG . co»««,io» cf 2S «, DNM,.. M=r 30™ 



OTHER EMRnpT|./(in.-jc; - 

- Other cmbodnncnts wUI be evident to those of skill in the an. 1. should be understood that 
^ fo^gon^ d««.ed description is provi^^ 

and scope of the present invention are no. .i.i.ed to the above examples, but are encompassed 
by the following claims 
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CLAIMS ■ ,^ 

1. A synthetic vims like particle for transfccting nudcic add into a mammaMan ccU, said 
symhetic vims like pa 

a recombinant nudeic add, 

a plurality ornudcic acid condensing peptides, said peptides bdng non.co^^ently 
associated with said recombinant nucleic add such that said nudeic add is in condensed form, 
_ wherdn cadi said nudeic acid condensing peptide is a hetcropeptide, and said plurality 
of nuddc acid condensing peptides has low polydispersion. 

2. The synthetic virus like paitide of daim I v^erein said plurality of nudeic add condensing 
peptides comprise a first nuddc add condensing peptide and a second nudeic add condensing 
peptide, wherdn said first nuddc add condensing peptide comprises a first fimaional group 
covalently bound thereto. . , ^ 

- 3. The synthetic vims Uke panicle of claim 2 wherein said second nuddc add condensing; " 
peptide comprises a second fiinaiohal group covalently bound thereto, said second fiinctional 
group bdng differrat fix)m said first funaio^^^^^ 

4; The synthetic vims like panicle of daim 2, said first and said second nucldc add 
condensing peptides having different amino acid sequences. 

5- The synthetic vims like panicle of claim 2. said first and said second nudeic add 
condensing peptides having the same amino acid sequence. 

6. The sytithetic virus like panidc of claim 2 wherein said first nuddc add condensing 
peptide comprises a first fiinctional group covalently bound thereto and fiirther comprises a 
second fiinctional group covalently bound thereto. ' 

7. The synthetic vims like panicle of claim 2 wherdn said second fiinctional group is 
covalently bound to said first fiinctional group. 
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8. ^^ic vims Ukc partis 
ligand that is an antigenic peptide. " 

9. The synthetic vims Uke particle of clam, 2 wherein said funaional group con^rises a 
hgand that targets a specific cdl-type. 

10 The synthetic vims like panicle of dain. 9. said Ugand being selected from the group 
consisung of a monoclonal antibody, insulin, transfeirin and asialoglycoprotein. 

11. The synthetic vims Uke panicle of claim 9 wherein said functional group comprises a 
ligand that targets cells in a non-specific manner. 



12. The synthetic vims like panicle of claim 1 1. said ligand comprising a 



sugar. 



13 . The synthetic vims like panicle of claim 12 wherein said fiinaional group comprises a 

lipid. 



14 The synthetic vims like panicle of claim 13. said Upid being seleaed from the group 
conastihg of palmitoyl. oleoyl. stearoyl. and cholesterol. 

15. The synthetic vims like panicle of claim 2. said functional group comprising a neutral 
hydrophilic polymer. 

16. The synthetic vims like panicle of claim 15. said neutral hydrophilic polymer being 
selected from the group consisting of PEG and P VP. 

17. The synthetic virus like panicle of claim 2. said fiinctional group being a fiisogmc 
peptide. 



18. The synthetic vims like panicle of claim 17. said fiisogenic peptide comprising HA 
pqjtide. 
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19. The synthetic vims like particle of claim 2, said functional group comprising an enzyme. 

20. The synthetic vims like particle of claim 19, said enzyme being selected from the group 
consisting of a recombinase and an integrase. 

21. The synthetic vims like particle of claim 2, said fiinctionaJ group comprising an 
intracellular trafficking protein. 

22. The synthetic vims like particle of claim 21, said intracellular trafficking protein being 
selected from the group consisting of a nuclear localization sequence. 

23 . The synthetic vims like particle of claim 7 wherein said first functional group comprises 
one of a lipid or a neutral hydrophilic polymer and said second functional group is a Ugand that 
targets a cell. 

24. The synthetic vims like particle of claim23 wherein when said first fiinaional group 
comprises a lipid, said second fiinaional group comprises a ligand that targets a cellular receptor. 

25 The synthetic vims like panicle of claim 24, when said first fiinctional group comprises 
PEG, said second fiinaional group comprises a ligand that targets a cellular receptor, 

26 . The synthetic virus like particle of claim 25, said ligand comprising one of a sugar moiety 
or a ligand whose cellular receptor is restricted to a cell-type. 

27. The synthetic vims like particle of claim 23 , when said first fiinctional group comprises 
a lipid, said second functional group comprises PEG. 
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cpmpnses an amino add sequence of the generic fonnula 

NHM-<X,X,Y.YJ.X,M2,ZAZ.)^Y,Y,).X,X.BC00H 

o„u.i*:ir"'^''~^^^ 

wherein ead, of 2.. i, independently, a naturally occurring amino acid with at .east 3 
anuno aads havmg a high prope^ity to form a stabilized turn stmcture; 

wherein A is an amino-tenninal serine or threonine residue; 
wherein B is any amino acid; and . 

wherdn n = 2 - 4 and m = 2. 
arginine. 2.4-diammo.butync add or ornithine. 

30. The synthetic vinas like panicle of claim 28 wherein each of Y,, is. independently 
glutamic acid. alanbe. leudne. methionine, gIu.amine.tn^tophan or h^ , * 

31. The synthetic vims like panicle of daim 28 wherdn each of Z.. is. independently 
asparagme. glycine, proline, serine, and aspanic add. 

32. •nK.synthetic vin«likepanideof daim28 wherein B is any one of alamne. glutamic add 
or cysteine. 

33. •n«sy«he.icvi™slikepanideofdaim28 wherdn a said peptide comprises at least one 
of an mtemal serine, threonine, or cystdne residue. 

34. The synthetic vims like panide of claim 33 a said internal residue is avaflable for 
conjugauon to a functional group. 
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35. the synthetic vims like particle of claim 28 wherein a said peptide comprises one of the 
amino add sequences -- - - . 

(NBC7) H.TRRAWRRAKRRAARRCGVSARRAARRAWRRE^H;and 
(NBCll) H^TKKAWiaCAEKKAAKKCGVSAKKAAiaCAWKKA.CONHi 

36. Tlie qmthedc vims Glee panicle of claim 1 wherein a said nucleic add condensing peptide 
comprises a linear combination of the following :three consensus sequences where the total 
sequence length is >17 residues: 

' -^-'Seql: 

-K-K-X-P-K-K-Y-Z-B-P-A-J- 
wherein K is Lysine. P is Proline; A is Alanine; X is Serine. Threonine or Proline; Y is Alanine or 
Valine; Z is Alanine. Theonine or Proline; B is Lysine. Alanine. Threonine or Valine; and J is 
Alanine or Valine; 
Seq II 

-X-K-S-P-A-K-A-K-A- 
wherein X U Alanine or Valine; K is Lysine; S is Serine; P is Proline; and A is Alanine. 
Seq ril 

-X-Y-V-K-P-KrA.A-K-Z-K-B- 
wherein X is Lysine or Argiiiine; Y is Alanine or Threonine; Z is Proline. Alanine or Serine; B is 
Lysine. Threonine or Valine; K is Lysine; P is Proline; A is Alanine. 

37, The synthetic vinis like particle of claim 36 wherein a said peptide comprises the amino 
add sequence: 

NHj.[SV40NLSHSeq I]-[Seq II].[Seq ni]-[SV40 NLSHSeq n-C-COOH. 

where -C- is Cystcine;when: the SV40 MLS has the sequence Pro-Lys-Lys-Lys-Aig-Lys- 
Val-Gln. 

38. The synthetic viius like panide of claim 37 wherein a said peptide comprise the amino 
add sequence 

hWj-PiCKKRKVEKKSPKKAKKPAAKSPAKAKAKAVKPKAAKPKKPiaaaiKVEKKSP 
KKAKKPAAC(A£an)-COOH. 
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39. The synthetic virus Ukc panicle of claim 36 whe^^^ 
aad sequence of the generic formula: 
NHj.X<f).-C-CGOH 

where X is absent or is one of serine or threonine; 
Y is one of sequence I, II or III; 
n is 2-6; and 

C is cysteine. 



40. The synthetic vims like particle of claim 39 wherein a said peptide comprises an amino 
acid sequence selected from the group of; 

NHj-[Seq raHSV40 NLSlHSeq IK-COOH, 
where -C- is Cystdne; 

NH2-[SeqI]-[SeqI]-C-C00H 
where ^. is Cysteine; 

NHj-[Seq I]-[Seq IHSeq IK-COOH 
where -C- is Cysteine; and 

NH,-(Seq IHSeq IHSeq IJ-iseq n-C-COOH 
where -C- is Cysteine.. 

41. Thesyntheticviruslikeparticleofclaim40 wherdnasaidpeptidecomprisesana^^^ 
acid sequence seleaed from the group of sequences: 

(NBC2) NH,.KAVKPKAAKPKKPKKKWCVEKKSPKKAKKPAAC(A«^^^ 
(NBC8) ^fflrKKSPKKAKKPAAkKSPKKAKKPAAC(AcmKOOH; 
(NBC13) NH^KKSPKKAKKPAAKKSPKKAKKPAAKKSPKK^ 

and , 

(NBCIO) NHrKKSPKKAKKPAAIOCSPiaCAiaCPAAKKSPKI^ 
AAC(AcmKOOH 

42. A phiralityofnucloc add condensing peptides. 

Mteen each middc add condensing peptide of said plurality bdng a heteropeptide. and 
said plurality of nucleic acid condensing peptides having low polydispersion. 
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said pqstides bring further characterized in that, when contacted with recombinant nuclric 
add. the peptides are able to non-covalently associate with said nucleic acid to form a synthetic, 
virus like particle containing condensed recombinant nucleic acid, and 

said synthetic virus like particle being characterized in that, when contacted with a 
mammalian odt said particle can transfect said nuclric acid into said cell. 

43. The plurality of nucleic acid condensing peptides of claim 42, comprising a first nucleic 
add condenarig piep&ie and a second nucleic acid condensing peptide, wherein said first nucleic 
acid condensing peptide comprises a first fiinctional group covalently bound thereto. 

44. The plurality of nudeic add condensing peptides of claim 43, wherein said second nucldc 
add condensing peptide comprises a second functional group covalently bound thereto, said 
second functional group being different from said first functional group. 

45. The plurality of nucleic acid condensing peptides of claim 38, said first and said second 
nucldc acid condensing peptides having different amino acid sequences. 

46. The plurality of nucldc acid condensing peptides of claim 43, said first and said second 
nucleic acid condensing peptides having the same amino acid sequence. 

47. The phirality of nuddc add condensing peptides of claim 43 wherein s^d first nucleic add 
condensiitg peptide comprises a first functional group covalently bound thereto and further 
comprises a second functional group covalently bound thereto. 

48. The plurality of nucleic acid condensing peptides of claim 43 wherein said second 
functional group is covalently bound to said-first functional group. 

49. The phirality of nucldc acid condensing peptides of daim 43 wherdn said functional group 
comprises a ligand that is an antigenic peptide. 

50. The plurality of nucldc add condensing peptides of claim 43 wherein said functional group 
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comprises a Ugand that targets a specific cell-type. 

51. The plurality of madeic add condensing peptides of daim 50. said ligand being selected 
fiom the gn,up consisting of a monoclonal antibody, insulin, transferrin and asialoglycoprotdn. 

52. -n^ ph^^ ofnuddc add condensing peptides of dai^ 
compnses a ligand that targets celU in a non-spedfic manner. 

53. The plurality of nuddc acid condensing peptides of daim 52. said ligand comprising a 

sugar. 



54. •n«=plunJltyofnucIdcaddconden«„gpeptidesofdaim53wh^^ 
comprises a lipid. 



55. The plurality of nuddc acid condensing peptides of daim 54. said lipid being sdected 
from the group consisting of palmitoyl. oleoyl. stearoyl. and chblcsterol;- 

56. The plurality of nuddc add condensing peptides of daim 43. said funaional group 
compnsmg a neutral hydrophilic polymer. 

57. The plurality of nucleic acid condensing peptides of daim 56. said neutral hydrophilic 
polymer comprising PEG or PVP. 

58. ■n«Ph«%ofm.ddcaddcondensinBpeptidesofdaim43.saidfii„tt^^^^ 
a fiisogenic peptide. 

59. The plurality of nuddc acid condensing peptides of daim 58. said fi«ogenic peptide 
comprising HA peptide. 



60. The plurality of nucleic acid condensing peptides of claim 43. said fimctional group 
comprising an enzyme. 
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61 . The plurality of raiddc add condensing peptides of daim 60, said enzyme being selected 
from the group consisting ofa rccombinase and an integrase 

62. The phirality of nuddc add condensing peptides of daim 43, said functional group 
comprising an intracellular trafficking protdn. 



63. The plurality of nuddc add condensing peptides of claim 62. said intracellular trafficking 
protdn bring selected from the group consisting of a nudear localization sequence. 

64. The synthetic virus like partide of claim 48 wherein said first fimctional group comprises 
one of a lipid or PEG and said second functional group is a ligand that targets a cell. 

65. The synthetic virus like partide of daim 64 wherein when said first fimctional group 
comprises a lipid, said second fimctional group comprises a ligand that targets a cellular receptor. 

66 The synthetic virus like particle of daim 65, when said first fimciional group comprises 
PEG, said second flirictional group comprises a ligand that targets a cellular receptor. 

67 The symhciic virus like partide of claim 66, said ligand comprising one of a sugar moiety 
or a ligand whose cellular receptor is restricted to a cell-type. 

68. The synthetic virus like partide of claim 64 , when said first fijnctional group comprises 
a lipid, said second funaional group comprises PEG. 

69. The phirality of nuddc add condensing peptides of daim 42 wherein a said nucleic add 
condensing peptide comprises an amino add sequence of the generic formula 

NH2-A<X,X2Y,YJ.X3X4-(Z,Z3ZA).(X3?QY3Y,)„X,X,BCOOH 
wherein each of X,^ is, independently, an amino acid having a positively charged group 
on the side chain; 

wherrin cadi of Y,-4 is, independently, a naturally occurring amino add which promotes 
alpha helbc formation; 
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: wherein each of Z„ is. independently, a naturally occurring anuno add with at least 3 
anrnm adds having a pro^ty to form a stabilized tii^ 

wherein A is ah aniino-terininal serine or threonine residue; ^ 
wherein B is any amino add; and 
wiwreinnB2.4andin«2. 

70.. The plurality of middc add condensing peptides of daim 69 wherein ead, of X., is. 
mdepcndently. lysine, argimne, 2.4-dianiino-butyric acid or ormthm^^ 

71. "niepluraMtyofnuddc add condensing peptides of daim 69 wherein each of is 
independently, glutanuc add. alanine, leudne. methionine, glutamine. tryptophan or histidine. ' 

72. The plurality of nudeic add condensing peptides of daim 69 wherein each ofZ,^ is. 
independently, asparagine. glydne. proline, serine, and aspartic add. 

73. The plurality of nuddc add condensing peptides of daim 69 wherein B U any one of 
alanine, glutamic add or cystdne. 

74 The plurality of middc add condensing peptides of claim 69 wherein a said peptide 
comprises at least one of an internal serine, threonine, or cystdne residue. 

75. The plurality.of nuddc acid condensing peptides of claim 74 a said internal residue is 
availtble for conjugation to a functional group. 

76. The plurality of middc add condensing peptides of daim 69 wherdn a sdd peptide 
comprises one of the amino add sequences 

(NBC7) NH,.TRRAWRRAKRRAARRCGVSARRAARRAWRRE<:OOH;and 
(NBCll) NHrTTCKAWKKAEKKAAKKCGVSAKKAAKKAVVKKA^ONH^ 

77. m phoality of nuddc acid condensing peptides of claim 42 wherein a said micldc add 
condensing peptide comprises a linear combination of the following three consensus sequences 
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.where the total sequence length is >1 7 residues: 
Seql:- / 

-K-k-X-P-K-K- Y^-B.P.A.J- 
whertin K is Lysine. P is Proline; A is Alanine; X is Serine, Threonine or Proline; Y is Alanine r 
Valine; Z is Alanine. Theonine or Proline; B is Lysine, Alanine. Threonine or Valine; and J is 
Alanine or Valine; 
SeqII 

-X-K-S-P-A-K-A-K-A- 

whcrein X is Alanine or Valine; K is Lysine; S is Serine; P is Proline; a^^ 
Seq III 

"X-Y.V.K-P-K-A-A-K-Z-K.B- 
wherein X is Lysine or Arginine; Y is Alanine or Threonine; Z is Proline, Alanine or Serine; B is 
Lysine. Threonine or Valine; K is Lysine; P is Proline; A is Alanine. 

78. The plurality of nucleic acid condensing peptides of claim 77 wherein a said peptide 
comprises the anuno acid sequence: 

>Wj-[SV40 NLSHSeq I].[Seq II]-[Seq IIIHSV4^^ 
where -C- is Cysteine;where the SV40 NLS has the sequence Pro-Lys-Lys-Lys-Arg-Lys- 
Val-Gln. 

7 9. The plurality of nucleic acid condensing peptides of claim 78 wherein a said peptide 
comprises the amino acid sequence 

>MrPKKKRKVEKKSPKKAKKPAAKSPAKAK^ 
KKAKKPAAC(Acm)-COGH 

80. The plurality of nucleic acid condensing peptides of claim 77 wherein a said peptide 
comprises an amino add sequence of the generic foimula: 
NHrX<Y).^-COOH 

where X is absent or is one of serine or threonine; 
Y is one of sequence I, II or III; 
n is 2-6; and 
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Ciscystdne. 

compnsesanimiinoacidsequenceselectedfromthegroupof: 

NHHSeq in].[SV40 NLSiwSeq IJ^^OOH, 
where -C- is Cysteine; 

NH,-[SeqI].(SeqlK-COOH 
w*ere ^. is Cysteine: 

NH,-[Seq IHSeqI]-[Seq IK-COOH 
where -C- is Cysteine; and 

NHrfSeq IHSeq n-[Seq IHSeq I)-C-COOH 
where -C- is Cysteine. 

82 The plurality of nucleic acid condensing peptides of dain, 81 wherein a said peptide 
composes an amino acid sequence selected from the group of sequences- 
(NBC2) >«:-KAVKPKAAKPKKPKiaCWCVEKKSPKKAKKPAAC(^^^^^ 
(NBC8) ^^:-KKSPKKAKXPAAKKSPKKAKKPAAC(Acm).COOH; 

hm,-iaCSPICKAKKPAAKKSPKKAKKPAAiacSPK^ 



(NBC9) 
and 



(NBCIO) NH^KKSPKKAKKPAAKKSPIOCAKKPAAKKSPK^ 

AAC(AcmK:OOH 

83. A synthetic vims Ike panicle for transfe«ing nucleic acid into a mammalian ceU. said 

synthetic vinjs like partick comprising 
a recombinant nudric acid, 

a first plurality of fct macleic acid condensing peptides, each said peptide comprising a 
covalently linked first fimobnal group. 

a second plurality rfsecond nucleic acid condensing peptides, 
wherein each said .icieic acid condensing peptide is a heteropeptide and each said 
plundity of nucleic acid coadensing peptides has low polydispersion. 

wherein each said plurality of nucleic acid condensing peptides b nonK«vaIently 
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associated with said recombinant nucleic acid such that said nucleic add is in condensed fom, 

84. The synthetic vims Uke particle of claim 83, further compriang a third plurality of third 
nuddc add condensing peptides, each said third peptide comprising a covalcntly Unked second 
functional group which U different from said first functional 

85. The synthetic vims like panide of daim84. said first and second functional groups are 
present in said synthetic vims like particle in a preselected ratio. 

86. The synthetic vims like particle of daim 83, said first and said second nuddc acid 

condensing peptides having different amino acid sequences 

87. The synthetic vims like partide of daim 83, said first and said second nuddc add 
condensing peptides having the same amino acid sequence. 

88. The synthetic vims like particle of daim 83 wherdn said first nuddc add condensing 

peptide comprises a first funaionai croup covaientiy bound thereto and further comprises a 
second funaional group covalcntly bound thereto. 

89. The synthetic vims like particle of daim 88 wherdn said second fiinaiona! group is 
covalcntly bound to said first functional group 

90. The synthetic vims like panicle of claim 83 wherdn said fimctional group comprises a 
ligand that is an antigenic peptide 

91. The synthetic vims like partide of daim 83 wherdn said fimctional group comprises a 
ligand that targets a spedfic cell-type. 

92. The synthetic wms like particle of daim 91, said ligand bdng sdected from the group 
consisting of a monoclonal antibody, insulin, transferrin and asialoglycoprotein. 
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93. The symh«ic vims like panicle of claim 9, wherein said functional group comprises a 
ligand that targets celU in a non-specific manner. 



94. The synthetic virus like particle of claim 93. said ligand 



comprising a sugar. 



95. ^ The synthetic virus Uke particle of claim 94 wherein said functional group comprises a 

96. The synthetic virus like particle of claim 95. said lipid being selected from U>e group 
consistmg of palmitoyl. oieoyl. stearoyi, and cholesterol: 

97^ The synthetic virus like particle of claim 93. said functional group comprising a neutnd 
nydrophilic polymer. 

PEG "'"''^'^ hydrophilic polymer comprising 



99 The synthetic virus like particle of daim 83. said functional group being a fusog^^^ 
peptide. 

100. The synthetic Vitus like panicle of claim 99, said fbsogenic peptide comprising HA 
peptide. 



101 . -n,e synthetic virus like particle of claim 83. said fl^nctional group comprising an enzyme. 

102. ThesyntheticviiusUkeparticieofclaim 101. said enryme being selected from the group 
consisting of a recombinase and an integrase. 

103. The synthetic virus like panicle of daim 83. said functional group comprising an 
intracellular traflBcking protein. 
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104. The synthetic virus Kkc particle Of claim 103; said^ 
selected from the group consisting of a nuclear localization sequence. 

105. The synthetic virus like particle of claim 89 wherein said first fianctional group comprises 
one of a lipid or PEG and said second fimctional group is a ligand that targets a cell. 

106. The synthetic virus like particle of claim 105 wherein when said first fimctional group 
comprises a Kpid, said second fimctional group comprises a ligand that targets a cellular receptor. 

107. The synthetic virus like particle of claim 106. when said first fimctional group comprises 
PEG, said second fijnctionaJ group comprises a ligand that targets a cellular receptor. 

1 08. The synthetic virus like particle of claim 1 07, said Ugand comprising one of a sugar moiety 
or a ligand whose cellular receptor is restricted to a cell-type. 

1 09. The synthetic virus like particle of clairh 105 , when said first fijnctional group comprises 
a lipid, said second functional group comprises PEG. 

110. The synthetic virus like particle of claim 83 wherein a said nucleic acid condensing peptide 
comprises an amino acid sequence of the generic formula 

NH3-A-(X,X3Y,Y2)„X,X,-(Z,Zj2A)-(X3X,y3Y,)„X,X,BCGOH 
wherein each of X,., is, independently, an amino acid having a positively charged group 
on the side chain; 

wherdn each of Y,-^ is, independently, a naturally occurring amino acid which promotes 
alpha helix fonmation; 

wherein each of Z,^ is, independently, a naturally occurring amino acid with at least 3 
anuno adds haying a high propensity to form a stabilized turn structure; 

wherein A is an amino-terminal serine or threonine residue; 

herein B is any amino acid; and 

wherein n ■= 2 - 4 and m = 2. 
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111. The synthcticvin^Ukepartideofdaim llO*^^ f X., is. independcmly: 
lysine, arginme, 2.4-dianuno-buty^ - 

112. Thesynthedcvin»HkepanicleofdaimllOW^ is. independently 
glutanucadd. idanine. leucine, methionine, glutan^^ 

113. The synthetic vinis lilce particle of dain. 110 when*, each of Z., is. independenUy 
"sparagine. glycine, proline, serine, and aspanic add. 

114. T^sy^heticvinisBkepartideofdaim llOwherdnB 

or cysteine. 

115 TTk: synthetic vin« like panide of claim 1 10 wherdn a said peptide comprises at least one 
of an mtemal serine, threonine, or cysteine residue. 

116. -nie synthetic vinis like panicle of claim 115 wherdn a said internal residue is av^^^^ 

for conjugation to a funaional group. 

1 17. synthetic vims like panicle of claim 1 10 wherdn a said peptide comprises one of the 
anuno acid sequences 

(NBC7) H.TWUWRRAKRRAARRCGVSARRAARRAWRRE-OH;and 
(NBCll) H.TKKA\\TCKAEKKAAKKCGVSAKKAAKKAWKKA-NH^ 

118. Tht symhetic vinis like panide of daim 83 wherein a said nudeic add condensing peptide 
composes a linear combination of the following three consensus sequences where the total 
sequence length is >17 residues: 

Seq I: 

-K-K-X-P-K-K-Y-Z-B-P-A-J. 
wherein K b Lysine. P is Pn*ne; A is Alanine; X is Serine. Threonine or ^^^^ 
Valine: Z is Alanine. Theonine or Proline; B is Lysine. Alanine. Threonine or Valine; and J is 
Alanine or Valine; 
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Scqll 

-X-K-S-P-A-K-A-K-A. 
wherein X is Alanine or Valine; K is Lysine; S is Serine; P is Proline; and A is Alanine. 
Seqm 

•X-Y-V-K-P-K-A-A-K-Z-K-B. 
wherein X is Lysine or Ar^nine; Y is Alanine or Threonine; Z is Proline, Alanine or Serine; B is 
Lysine, Threonine or Valine; K is Lysine; P is Proline; A is Alanine. 

119. The synthetic vims like particle of claim 1 1 8 wherein a said peptide comprises the amino 
acid sequence: 

NHr[SV40 NLS)-[Seq I]-[Seq II]-[Seq III].[S V40 NLS].[Seq IJ-C-COOH, 
where -C- is Cysteine;where the S V40 NLS has the sequence Pro-Lys-Lys-Lys-Arg-Lys- 
Val-Gln. 

120. The synthetic vims like particle of claim 1 19 wherein a said peptide comprises the amino 
acid sequence 

H-PIGCKRKVEKKSPKKAKKPAAKSPAKAKAKJ^VKPKAAK^ 
KKAKKPAAC(Acm).OH. 

121. The synthetic vims like particle of claim 118 wherein a said peptide comprises an amino 
acid sequence of the generic formula: 

NHrX-(YX-C-COOH 

where X is absent or is one of serine or threonine; 
Y is one of sequence I, II or III; 
n is 2-6; and 
C is cystdne. 

122. The synthetic vims like particle of claim 121 wherein a said peptide comprises an amin 
acid sequence selected from the group of: 

NHHScq III1-[SV40 NLS 1 ].[Seq IJ-C-COOH, 
where -C- is Cysteine; 
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NHj-[Seq I]-[Seq IK-COOH 
where -C- is Cysteine; 

NHj-rSeq Il-[Seq I]-[Seq IJ-C-COOH 
where ^. is Cxsteine; and 

NH2-[Seq I]-[Seq n.[Seq I]-[Seq n-G^OOH 
where ^- is Cysteine. 



•od sequence sdsaedlioiiith. group of sequent 



nces: 

{NBC2) 



n^r.. "■^'^•^^'™^SPKKAKKPAAC(Aa„).OH 
(NBC8) H-KKSPKKAKKPAAKKSPKKAKKPAAC(Aan)-OH- ' 
(NBC9) H.iaCSPI«AKKPAAKKSPKKAKKPAAKKSPKKAK^ 
CNBCO) H-KKSPKKAKKPAAKKSPKKAKKPAAKKSPKK^ 

AAC(AcmH)H -w^x>^ 

124. A method of transfcoing a mammalian cell with a recombinant nucleic aai, said method 
comp«mgcontacti„gam«nn»,i.„cel.withasyntheticvi™sH^^ 

125. A method of transfcoing a mammalian cell with a recombinant nucleic add. said method 
compnsmg the steps of amemoo 

a) forming . mixmre of a synthetic virus like particle as claimed in claim 1 «,d 
endosomaJ disruption agent, and 

b) «mactingsaidmbcn«ofs,epa)withamammaliancellunderconditions^^^^ 
aliowtransfection of said cell with said nucleic acid. 

126^ A n«hod of formubring a synthetic virus like particle for administration to a patien, the 
method comptising mbdng a symhetic virus like particle as claimed in claim 1 with an endosomal 
disruption agent 

121 Jhe method of claim 125 or 126. said endosomal disniption agent being a isogenic 
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128. A method of transfecdng a mammalian cell with a recombinant nucldc acid, said method 
comprising the steps of - 

a) forming a mixture of a synthetic vims like particle as claimed in claim 1 and a neutral 
hydrophllic polymer, and 

b) contacting said mixture of step a) whh a mammalian cell under conditions sufficient to 
allow transfection of said cell with said nucleic acid. 

129. A method of fommilating a synthetic vims like particle for administration to a patient, the 
method comprising 

mixing a synthetic vims like particle as claimed in claim 1 with a neutral hydrophilic 
polymer. 

130. The method of claim 128 or 129, said neutral hydrophilic polymer comprising 
polyethylencglycol 

131. A pharmaceutical formulation for adminittering a recombinant liuclcic acid to a patient, 
comprising 

the synthetic vims like panicle of any one of claim 1 in combination with a 
pharmaceutically acceptable carrier. 

132. The phannacortical formulation of daim 131, further comprising an endosomaldi 
agent. 

133. The pharmaceutical formulation of claim 131, further comprising a neutral hydrophilic 
polymer: 

134. A method of introducing a recombinant nudetc add into a patient, the method comprising 
administering to the patient a therapeutically effective amount of the synthetic virus like 

particle of claim 1 or the pharmaceutical formulation of claim 131. 

135. A niethod of making a synthetic vims like particle for transfecting mammalian cells with 
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a recombiiiant nucleic add, said method comprising • 

-^n^ns ^cient to pen., fon^tion of a synthetic ^s ..e particle IZ^ 
""Kfcnsednucleu:^^^ 

plund..yof«.cIeic«:idco™ien^^ '^'^ 

m^Tl^m^ofdaimnSwh^saidmixi^^ 
sa^plu^tayofnuddc^^dcdndensingpepd^^ 

«:.dco„de„s.„g peptide and a seco^. nudeic add co^^^^^^ 

co^ensmg pe^^^ being a heteropeptide and ead, said p.u«,ity of nuddc add conde«»g 
P^havrngfewpolydispenion. whe«^^ said first nudeic add condensing peptide comp J 
a first fiihoional group covalemiy bound thereto. 

137. An^^odofnujcingasyntheticvimsiikepartlclefortranrfecti^^ 
a recombmantnucldc add. said method comprising 

mi»ng a recombinant nuddc acid with a first plurality of first middc «:id condensing 
rn^udes ^ a second plurality of second nuddc add condensing peptides under conditions 
suffic«« to permit ftnmation of , synthetic virus like particle con^^^^ 
wherem ead, said first and second nudeic acid condensing peptide is a heteropeptide and each 

said first and second plurality of nuddc add condensing peptides has low polydispersion. 

138. ^ -n. method of claim 137 wherein said first nucleic add condensing peptide comprises . 
first fiinctional group covalently linked thereto. 

139. -n^H^hodofdaim 136 or 137 wherdn said first and sdd second n^^^^^ 
peptides have diflFcrem amino acid sequences. 

140. The method of claim 136 or 137. said fim and said second m,ddc add condensing 
pqmdes having the same amino add sequence. 
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141. The method ofdaim 136 or 137 wherein said mixing step comprises mixing said nucleic 
acid with a said plurality of nucleic add condensing peptides wherein said second nucleic acid 
condensing peptide comprises a second functional group covalently bound thereto, said second 
functional group being different from said first functional group. 

142. The method of claim 136 or 137 wherein said first nudeic add condensing peptide further 
comprises a second functional group covalently bound thereto. 

1 43 . The method of claim 142 wherein said second fiinctional group is covalently bound to said 
first functional group. 

144. The method of claim 141 wherein said mixing step comprises the step of: 

sdecting a ratio of first and second fiinctional groups such that the proportions of 
first and second nucleic add condensing peptides mixed with said recombinant 
nucleic acid corresponds to said ratio. 

145. The method of claim 141 wherein said mixing step comprises the step of: 

selecting the position on a said nucleic acid condensing peptide for covalent 
linkage to a said functional group. 

146. The method of claim 145, wherein said selecting step comprises selecting the amino add 
position on said first nudeic acid condensing peptide for covalent linkage to said first fimctionaJ 
group and selecting the amino acid position on said second nudeic add condensing peptide for 
covalent linkage to said second fiinctional group. 

147. The method of claim 145 wherein said selecting step comprises selecting an amino or 

caiboxy terminal position of a said nudeic acid condensing peptide. 

148. The method of claim 141 wherein said mixing step comprises the step of: 

selecting the position on a said functional group for covalent linkage to a said 
nucleic add condensing peptide. 
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149. The method of claim 148 wherein said functional group comprises a targeting 



protein. 



150. Themcthodofdaiml35orl37.fuithercomprismgaftersaid^^^ 
mixing said synthetic virus Uke particle wth an endosoi^ 

151. Amcthodofmakingsyntheticvimslikeparticlefortnmsfectingm^ 
recombinant nucleic add. said method comprising 

a) contacting a plurality of first nudeic add condensing peptides with a recombinant 
nuddc add in high sah concemnuion for a time suffident to aOow noncovalent assodation of said 
plurriity of nuddc add condensing pqnides with said nuddc add and to permit condensation of 
said nuddc add, 

. b) diluting said salt concentration of step a) to a lower salt concentration and adding a 
neutral hydrophilic polymer. 

. 152. The method of claim 151 wherein in said step b). said diluting and adding is performed 
simultaneously with adding a plurality of second nuddc acid condensing peptides, ead, said 
second peptide comprising a lipid group covalently linked thereto. 

wheidn eadi said first and second middc add condensing peptide is a heteropeptide and 
each said phirality has low polydispersion. 

153. The method of daim 151 wherdn said in said step b). said diluting and adding is 
performed prior to adding a plurality of second nuddc add condensing peptides, p^ch said second 
peptide comprising a lipid group covalently linked thereto, 

v*erein eadj said first and second nucleic add condensing peptide is a heteropeptide and 
each said plurality has low polydispersion. 

154. The method of daim 151 wherdn said neutral hydrophilic polymer comprises 
polyethyleneglycol. 
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155. A method fmaking a synthetic vinis like partide for traiurfectin^ 
a recombinant nucleic add. said method comprising 

a) forming a mixture of a plurality of first nudeic add condensing peptides and a 
recombinant nuddc add in high salt concentration. 

b) incubating said mfaaure of step a) for time suffident to aUow noncovalent assod^ 
of said plurality of micldc add condensing peptides with said nuddc acid and condensation of 
said nuddc acid, and 

c) contacting said mixture of step b) with a plurality of second middc add condensing 
peptides comprising a lipid group covalently linked to a said second peptide. 

wherein eadi said first and second nuddc acid condensing peptide is a heteropeptide and 
each said plurality of nucldc add condensing peptides has low polydispersion. 
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